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➠偏❮ こ᪠ 
࠘⫴ᬊ࡛┘Ⓩ࣭࠙ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢩࢪ࣑ࢰ࣭ ࢭ (superoxide dismutase : SOD ) ࡢ࣭ࢪ ࣂ࣭ ࢛࢞ࢨ
ࢺࢅ㐛㓗໩ラ⣪ (H2O2) ࡞ንᥦࡌࡾ㓕⣪࡚ ࠵ࡽࠉࡆࡡSOD࡞ࡻ࡙ࡖ ࠉ⏍మහࡢ࣭ࢪ ࣂ࣭ ࢛࢞ࢨ
ࢺࡡࣝ࣊ࣜ࠿఩ࡂಕࡒࡿ࡙ ࠷ࡾࠊSODࡢ㧏➴┷ᰶ ⏍∸࡚ ࡢࠉ⣵⬂㈹ᑻᅹᆵࡡSOD1ࠉ࣐ࢹࣤࢤ
ࢺࣛ࢓ᑻᅹᆵࡡSOD2ࠉฦἢᆵࡡSOD3ࡡ3⛸㢦ࡡᏋᅹ࠿▩ࡼࡿ࡙ ࠷ࡾࠊ 
 ୌ᪁ࠉฝⰾ㓕ザ࡚ ࡢࡆࡡSOD ࡛ࢣࢿ࣑Ꮽᏽᛮ࡞㛭୙ࡌࡾ㐿ఎᏄ⩄࡛ ࡡ஦㔔◒ቪᰬ ࠿ྙ ᠺ⮬ほ
࡞࡝ࡾ࡝࡜ࠉSODࡡࢣࢿ࣑Ꮽᏽᛮ࡫ࡡ㛭୙࠿♟ြࡈࡿ࡙ ࠷ࡾࠊࡱࡒࠉ࣐ࢹࣤࢤ ࢺࣛ࢓ᑻᅹᆵࡡ
SOD ࡚࠵ࡾSOD2ࡢ⣵⬂࿔᭿౪ᏋⓏ࡞Ⓠ⌟㔖࠿⑵΅ ࡌࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠽ࡽࠉ⣵⬂࿔᭿ࡡ㐅⾔
࡞రࡼ࠾ࡡᙲ๪ࢅᯕࡒ࡙ࡊ ࠷ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊ 
 ࡊ࠾ࡊ࡝࠿ࡼࠉࡆࡿࡼᢘ㓗໩㓕⣪ࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪࡢషᠺࡈࡿ࡙ ࠷ࡾࡵࡡࡡࠉࡐࡿ⏜ᮮࡡ
⣵⬂ࡢ࡚ࡌ ࡞㐛ᗐ࡝㓗໩ࢪࢹࣝࢪ࡞㛏᭿㛣࡞ࢂࡒࡽུ ࡙ࡄ ࠷ࡾࡒࡴ࡞ࠉと☔࡞ᢘ㓗໩㓕⣪ࡡࢣࢿ
࣑Ꮽᏽᛮࠉ࠽ࡻࡦ⣵⬂࿔᭿ࡡ㐅⾔࡫ࡡᐞ୙ࢅゆᯊ࡚ ࡙ࡀ ࠷ࡾሒ࿈ࡢ࡝࠷ࠊࡐ࡚ࡆ ࠉᮇ◂✪࡚ ࡢࠉ
ᐖ᪾࡞㐿ఎᏄ◒ቪ࠿⾔࠻ࡾࢼ࣠ࢹࣛDT40⣵⬂ࢅ⏕࡙࠷ ࠉᢘ㓗໩㓕⣪ࡡ᮪௲◒ቪᰬ ࢅషᠺࡊࠉ㐿
ఎᏕⓏゆᯊࢅ⾔࠹࡛ࡆ ࡞ࡊࡒࠊ≁࡞ࠉᮇ◂✪࡚ ࡢSOD2࡞╌┘࡙ࡊ ゆᯊࢅ⾔ࡖࡒࠊ 
࠘⤎ᯕ࡛⩻ᐳ  ࠙
1) SOD2ࡡⓆ⌟ೳでᚃࠉ㐛ᗐࡡ㓗໩ࢪࢹࣝࢪ࡞ࡻࡖ࡙ᚆࠍ࡞⾪⌟ᆵ࠿ᝇ໩ࡌࡾࠊ 
 DT40 ⣵⬂࡞ࠉTet-off systemࢅᑙථࡊࡒ SOD2᮪௲◒ቪᰬ ࢅష⿿ࡊࠉࢷࢹࣚࢦ࢕ࢠࣛࣤ ㄇᑙ
మ࡚ ࠵ࡾࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ࢅ῟ ຊࡊ࡛ࡒ ࡆࢀࠉTet-off system Ⓠ࡚⌟ࡈࡎࡒhuman SOD2ࡢ⣑2
᪝࡚ ࡮࡯᳠ ฝ㝀⏲௧ୖ ࡱ࡚ Ⓠ⌟㔖࠿఩ୖ ࡊࡒࠊࡱࡒࠉࡆࡡ࡛ ࡀࡡ⣵⬂⑵る⬗࠽ࡻࡦࠉ࣒ࢲࣜࢬࣜ
࣭ࣞ ࢪᇰᆀ࡚ ࡡࢤࣞࢼ࣭ ᙟᠺ⋙ࢅῼᏽࡊࡒ⤎ᯕࠉSOD2ࡡⓆ⌟࠿࡮࡯ೳでࡌࡾࢺ࢞ࢨࢦ࢕ࢠࣛࣤ
ຊ῟ᚃ2᪝┘ࡡ⣵⬂࡚ ࡢࠉ⣵⬂⑵る⬗→ࡦࢤࣞࢼ࣭ ᙟᠺ⋙࡞ࡐࡿ࡮࡜㢟ⴥ࡝఩ୖ ࡢびᐳࡈࡿ࡝࠾
ࡖࡒ࠿ࠉ4᪝࠾ࡼ5᪝࡚ 㢟ⴥ࡞఩ୖ ࡊࡒࠊࡈࡼ࡞ࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢅ⣵⬂හ࡚ Ⓠ⏍ࡈࡎࡾࣂࣚ
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࣭ࢤ ࢹ࡞ᑊࡌࡾវུ ᛮࢅࠉPI᯹Ⰵ࡞ࡻࡾࣆ࣭ࣞ ࢦ࢕ࢹ࣒ࢹࣛѸ࡞ࡻ࡙ࡖ びᐳࡊ࡛ࡒ ࡆࢀࠉࡷࡢࡽ
ࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟࡞ࡻ࡙ࡖ ⤊᫤Ⓩ࡞វུ ᛮ࠿୕࡙᪴ࡊ ࠷ࡂ࡛ࡆ ࠿ࢂ࠾ࡖࡒࠊ௧୕ࡡ࡛ࡆ ࠾ࡼࠉ
SOD2ࡡⓆ⌟ೳでᚃࠉහᅹᛮࡡ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࡡ⑵ຊ࡞ࡻ࡙ࡖ 㐛ᗐࡡ㓗໩ࢪࢹࣝࢪ࠿Ⓠ⏍ࡊࠉ
SOD2ᯜῤ⣵⬂ࡡ⑵る⬗࠿఩ୖ ࡙ࡊ ࠷ࡂ࡛ࡆ ࠿♟ြࡈࡿࡒࠊ 
2) SOD2ᯜῤ࡞ࡻࡽࢣࢿ࣑࡞DNAഭᐐࢅ㉫ࡆࡈ࡝࠷ࠊ 
 SOD2ᯜῤ᮪௲ୖ ࡚ࠉmetyl methanesulphonateࡷ4-nitroquinolin-1-oxide࡝࡜ࡡDNAഭᐐ๠࡞ᑊ
ࡌࡾវུ ᛮࢅῼᏽࡊ࡛ࡒ ࡆࢀࠉ㢟ⴥ࡝វུ ᛮࢅびᐳࡌࡾ࡛ࡆ ࡢ࡚ ࡀ࡝࠾ࡖࡒࠊࡈࡼ࡞ࠉDNAഭ
ᐐࡡᏋᅹࡡᣞᵾ࡛ ࡙ࡊ ࠉ╀┶᯹Ⰵฦమஹᥦ(SCE)ࢅῼᏽࡊ࡛ࡒ ࡆࢀࠉ㔕⏍ᰬ ࡡ࡛ᕣࡢヾ ࡴࡼࡿ࡝
࠾ࡖࡒࠊSCE୕᪴ࡢ᭩ࡵ㗞ᨼ࡝ࢣࢿ࣑ഭᐐࡡᣞᵾ࡚ ࠵ࡾ࡛ࡆ ࠾ࡼࠉSOD2࠿ᯜῤ࡙ࡊ ࡵࠉ├᥃ࢣ
ࢿ࣑࡞DNAഭᐐ࠿㉫ࡆࡾࢂ࡚ࡄ ࡢ࡝࠷࡛ࡆ ࠿♟ြࡈࡿࡒࠊ 
 ࡱࡒࠉDNA ⿿々㜴ᐐ๠࡚ ࠵ࡾhydroxy ureaࡷaphidicoline࡞ᑊࡌࡾវུ ᛮࢅびᐳࡊ࡛ࡒ ࡆࢀࠉ
ࡆࡿࡼࡡⷾ ๠࡞ᑊ࡙ࡊ ⪇ᛮࢅ♟ࡌ࡛ࡆ ࠿᪺ࡼ࡛࠾ ࡝ࡖࡒࠊ 
3) SOD2ࡡⓆ⌟ೳでࡢࠉG1࠾ࡼS᭿࡫ࡡ⛛⾔࠽ࡻࡦS᭿ࡡ㐅⾔ࢅ㐔ᘇࡈࡎࡾࠊ 
 SOD2ᯜῤ࡞ࡻࡾ⣵⬂⑵る⬗ࡡ఩ୖ ࡡⅴᅄࢅ᥀ࡾࡒࡴࠉ⣵⬂࿔᭿ฦᕱࡡን໩ࢅびᐳࡊ࡛ࡒ ࡆ
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㧏ࡱࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠽ࡽࠉᮇ◂✪ࡡ⤎ᯕࡢࡆࡡሒ࿈࡛ □┢ࡊ࡝࠷ࠊ᭞࡞ࠉSOD2ᯜῤ⣵⬂ࡢ
DNA ⿿々㜴ᐐ๠࡚ ࠵ࡾHUࡷaphidicoline࡞ᑊ࡙ࡊ ⪇ᛮࢅ♟ࡊࡒ࡛ࡆ ࠉDNA ⿿々㏷ᗐࡡ㐔ᘇࡢ
࡮࡛ ࢆ࡜びᐳࡈࡿ࡝࠾ࡖࡒ࡛ࡆ ࠉDNA ⿿々check point ᶭᵋ ࡞㛭୙ࡌࡾCHK-1ࡡὩᛮ໩࠿びᐳ
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➠ 2❮ ⥬ゕ 
➠1⟿ ࡢࡋࡴ࡞ 




㝎ཡ⬗ࡡ఩ୖ ࡢ⏍మහ࡞࠽࡙࠷ 㓗໩ࢪࢹࣝࢪࢅㄇⓆࡌࡾࠊ 
 ୌ᪁ࠉᢘ㓗໩㓕⣪ࡡን␏ࡢᵕ ࠍ࡝⑄ᝀࢅᘤࡀ㉫ࡆࡌ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࠊ࣭ࢪ ࣂ࣭ ࢛࢞ࢨ
ࢺࢩࢪ࣑ࢰ࣭ ࢭࡡ1⛸࡚ ࠵ࡾSOD1ࡡⅤን␏࠿➵ⴆ⦨ᛮഁ⣬◫໩⑍ (ALS) ࡡᝀ⩽ࡡᩐ偃࡞び
ᐳࡈࡿࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Rosen et al., 1993)ࠊࡱࡒࠉ➠21␊᯹Ⰵమࡡࢹࣛࢮ࣐࣭ ࡞ࡻ࡙ࡖ
㉫ࡆࡾࢱࢗࣤ ⑍ು⩄࡚ ࡢSOD1ࡡὩᛮ࠿⑵ຊࡌࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠽ࡽࠉ♼⤊⑄ᝀࡡୌ㒂ࡡⓆ⑍
࡞ᢘ㓗໩㓕⣪࠿㛭୙࡙ࡊ ࠷ࡾ࡛ ⩻࠻ࡼࡿࡾ(Avraham et al. 1988)ࠊࡐࡡ௙࡞ࠉSOD2ࡡmitochondria 
targeting sequence࡞࠵ࡒࡾࠉ㸮␊┘ࡡ࢓ࣚࢼࣤ ࡡࣁࣛࣤ ࡫ࡡ⨠ᥦን␏࡞ࡻ࡙ࡖ ࠉ㐘ິ ♼⤊⑄ᝀ
ࡷ≁Ⓠᛮᚨ➵⑍ࡡⓆ⑍ࣛࢪࢠ࠿㧏ࡱࡾ࡛ࡆ (Hiroi et al., 1999)ࠉࣆ࢔ࣤ ࣚࣤ ࢺெ࡚ ஘⒬Ⓠ⏍⋙࠿
1.5ಶ⛤ᗐࡱ࡚ 㧏ࡱࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾ(Mitrune et al., 2001)ࠊࡱࡒࠉ⇆ን␏࠿᪡⩹⑍ᝀ⩽ࡡୌ
㒂ヾ࡞ ࡴࡼࡿ࡙ ࠽ࡽࠉᙔ◂✪ᐄ࡚ ◂✪࠿㐅ࡴࡼࡿ࡙ ࠷ࡾࢗ࢘ࣜࢻѸ⑍ು⩄ࡷᰶࠉ ⭯ࡡ⿤ᡬࡔࢰ
ࣂࣤࢠ㈹࡚ ࠵ࡾ࣐ࣚࣤ  Aࡡን␏࠿ⅴᅄ࡚ ࠵ࡾࣈࣞࢩ࢘ࣛ࢓ࠉⰅ⣪ᛮஜ⓮⑍ࡡG⩄ࡷࢤࢢ࢕ࣤ
⑍ು⩄࡛ ࠷ࡖࡒ᪡⩹⑍ᝀ⩽࡞ࡵࡆࡡን␏࠿ୌ㒂 ࡴヾࡼࡿࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Rosenblum 
et al., 1996)ࠊ 
 ࡈࡼ࡞ࠉࡆࡿࡼࡡ⮣ᗃ୕ࡡሒ࿈࡞ຊ࠻㎾ᖳࠉฝⰾ㓕ザ࡞࠽࡙࠷ ᢘ㓗໩㓕⣪࡛ ࢣࢿ࣑Ꮽᏽᛮ⥌
ᣚࡷ⣵⬂࿔᭿ࡡ㐅⾔࡞㛭୙ࡌࡾ㐿ఎᏄ ࡡ࡛஦㔔◒ቪᰬ ࠿ ᠺྙ⮬ほ࡞࡝ࡾ࡛ࡆ ࠿ฦ࠾ࡖ ࡙ࡀ࡙
࠷ࡾ(Tong et al., 2001ࠉHuang et al., 2003ࠉPan et al., 2006)ࠊ௧୕ࡡ࡛ࡆ ࠾ࡼࠉᢘ㓗໩㓕⣪ࡢࢣࢿ








 ➠2⟿ ROS (Ὡᛮ㓗⣪⛸)ࡡⓆ⏍࡛㝎ཡ 
 Ὡᛮ㓗⣪⛸ (ROS) ࡢ࡛ࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺ(O2-) ࠉ㐛㓗໩ラ⣪(H2O2) ࠉୌ㔔㡧㓗⣪(O1) ࡝
࡜ࠉ㓗⣪࠿⏍మහࡡ࢙ࢾ࣭ࣜ࢟ ⏐⏍➴ࡡ㐛⛤࡚ ࠉࡻࡽཬᚺᛮࡡ㧏࠷ฦᏄ⛸࡞ን໩ࡊࡒࡵࡡ࡚
࠵ࡾࠊ୹࡝Ⓠ⏍″࡛ ࡙ࡊ ࠉ࣐ࢹࣤࢤ ࢺࣛ࢓ࡡ㞹Ꮔఎ㐡⣌ࡡ௙ࠉⅎ⑍ࡷࠉᨲᑏ⥲ࠉ⣰አ⥲ᬸ࡞
㟚ࡊࡒ⟘ᡜ࠿࠵ࡾࠊࡐࡡ௙ࠉ┖୯⌣ࡷ࣏ࢠࣞࣆ࢒࣭ ࡛ࢩ ࠷ࡖࡒ㣏⣵⬂࡞ࡢࠉNADPH ࢛࢞ࢨ
ࢱ࣭ ࢭ࡞ࡻ࡙ࡖ ⮤ⓆⓏ࡞ROSࢅⓆ⏍ࡈ࡙ࡎ ウⳞࡌࡾᶭ ࠿ᵋᏋᅹࡌࡾࠊ 
 ROSࡢཬᚺᛮ࠿㧏ࡂࠉ㐛๨㔖Ꮛᅹࡌࡿࡣ⏍మහ࡚ DNAࡷࢰࣤ ࣂࢠ㈹ࠉ⬙㈹࡝࡜ࢅഭᐐࡌࡾ
࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࠊࡐࡡ⤎ᯕࠉ⣵⬂࡚ࣝ࣊ࣜ ࡢ⣵⬂⩹໩ࡷࠉ⒬໩ࠉ࢓࣎ࢹ࣭ ࢨࢪ࡞ࡻࡾ⣵⬂
ほ࡝࡜ࢅᘤࡀ㉫ࡆࡊࠉ಴మ࡚ࣝ࣊ࣜ ࡢ⢶ᑺ⑋ࡷິ ⬞◫໩ࠉᾐ໩ჹ⑄ᝀࡡⅴᅄ࡞࡝ࡾ࡛ࡆ ࠿ሒ࿈
ࡈࡿ࡙ ࠷ࡾࠊࡐࡡࡒࡴࠉ㐛๨࡝ROSࢅ㝎ཡࡊୌᏽࡡࣝ࣊ࣜ࡞ಕᶭࡗ ࠿ᵋᚪこ࡚ ࠵ࡾࠊࡐࡡࡥ
࡛ࡗࡢࠉᢘ㓗໩㓕⣪࡞ࡻࡾࡵࡡ࡚ ࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢅ㐛㓗໩ラ⣪࡞ንᥦࡌࡾ࣭ࢪ ࣂ࣭ ࢛࢞ࢨ
ࢺࢩࢪ࣑ࢰ࣭ ࢭ(SOD) ࡷࠉ㐛㓗໩ラ⣪ࢅラ࡞ንᥦࡌࡾ࢜ࢰ࣭ࣚ ࢭࠉࢡࣜࢰࢲ࢛ࣤ ࢛࣋ࣜ࢞ࢨࢱ
ࢭ࣭ࡷࠉ࢛࣋ࣜ࢞ࢨࣝࢺ࢞ࣤࢨ ࡝࡜ࡡᏋᅹ࠿▩ࡼࡿ࡙ ࠷ࡾࠊࡵ࠹ࡥ࡛ ࡗࡢࠉᢘ㓗໩∸㈹࡞ࡻࡾ
ࡵࡡ࡚ ࠉࣄࢰ࣐ࣤ AࠉEࠉࢡࣜࢰࢲ࢛ࣤ ࠉࢲ࢛ࣝࢺ࢞ࣤࢨ ࡝࡜࠿㛭୙࡙ࡊ ࠷ࡾࠊ 
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➠3⟿ ROS࡛ᢘ㓗໩㓕⣪࡛ࢣࢿ࣑Ꮽᏽᛮ 
   ➠1⟿࡚ ㏑࡬ࡒࡻ࠹࡞ࠉROSࡢDNAࡡഭᐐ࡞㛭୙࡙ࡊ ࠷ࡾ࡛ ⩻࠻ࡼࡿ࡙ ࠷ࡾࠊࡊ࠾ࡊ࡝࠿
ࡼࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࡷ㐛㓗໩ラ⣪ࡡࡻ࠹࡝௥⾪Ⓩ࡝ROSࡢDNAࢅ༟≺࡚ ഭᐐࡌࡾࡻ࠹࡝ഭ
ᐐᛮࢅ᭯ ࡙ࡊ ࡢ࠽ࡼࡍࠉࡻࡽཬᚺᛮࡡ㧏࠷ࠉࣃࢺࣞ࢞ࢨࣚࢩ࢜ࣜ(HO )࣬ ࡷ࢛࣋ࣜ࢞ࢨࢻ࢕ࢹࣚ
࢕ࢹ(ONOO-) ࡝࡜࠿ DNAഭᐐࡡⅴᅄ࡞࡝࡙ࡖ ࠷ࡾ࡛ ⩻࠻ࡼࡿࡾࠊࡆࡿࡼࡢࠉཬᚺᛮࡡセ㍉Ⓩ
఩࠷ROS࠿⣵⬂හࡡฦᏄ࡛ ࡡཬᚺ࡚ ⏍ᠺࡌࡾࠊࡐࡿࡑࡿࠉࣃࢺࣞ࢞ࢨࣚࢩ࢜ࣜࡢ㐛㓗໩ラ⣪࠿
㕪ࡷ㖙࢕࢛ࣤ ࠉࢠ࣑ࣞ࡝࡜ࡡ㔘ᒌ࢕࢛ࣤ ཬ࡛ᚺࡌࡾ࡛ࡆ Ⓠ࡚⏍ࡊࠉ࢛࣋ࣜ࢞ࢨࢻ࢕ࢹࣚ࢕ࢹࡢࢪ
ࣂ࣭࣭ ࢛࢞ࢨࢺ࡛ ୌ㓗໩✽⣪࠿ཬᚺࡌࡾ࡛ࡆ Ⓠ࡚⏍ࡌࡾࠊࡆࡿࡼࡡDNAഭᐐష⏕ࡢᙁງ࡚ ࠉ8-
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 ୌ᪁࡚ ㎾ᖳ࡞࡝ࡽࠉฝⰾ㓕ザࢅ⏕࠷ࡒኬぜᶅࢪࢠ࣭ࣛ ࢼࣤ ࢡ࠿⾔ࢂࡿࠉ⣵⬂㈹ᑻᅹᆵࡡSOD
ࢅ࣭ࢤ ࢺࡌࡾSOD1࠵ࡾ࠷ࡢ TSA1(࢛࣋ࣜ࢞ࢨࣝࢺ࢞ࣤࢨ 2ࠉ4ࡡฝⰾ㓕ザ࣓࣌ࣞࢡ)࡛ ࢣࢿ࣑
Ꮽᏽᛮ⥌ᣚ࡞㛭୙࡙ࡊ ࠷ࡾ㐿ఎᏄ⩄࡛ ࡡ஦㔔◒ቪᰬ ࠿ྙ ᠺ⮬ほ࡞࡝ࡾ࡛ࡆ ࠿♟ࡈࡿࡒࠊTable 
2-1ྙ࡞ ᠺ⮬ほ࡛ ࡝ࡖࡒ㐿ఎᏄྞ ࢅ♟ࡌࠊ 
 SOD1 SOD2 TSA1 
DNA replication POL30 , POL32 
SGS1, RAD27 
RRM3 POL32, SGS1,  
TOP3, RMI1 
HUR1, RAD27 
DNA repair RAD51, RAD52,  
RAD54, MRE11,  
RAD5, RAD18,  
RTT107, MMS1 
 OGG1, RAD51,  
RAD52,MSH2 ,  
RAD18, MUS81,  
RTT107, MMS4 
Checkpoint RAD24, RAD17,  
RAD9 , MEC3,  
TOF1, DDC1 
 RAD24, RAD17,  
CHK1, DUN1,  
MEC3, DCC1 
Sister chromatid segrigation SGO1, KAR3,  
 
  
Chromatin remodeling factor 
Histone chaperon etc… 
HDA1, HIR3,  
SWR1, ARP8 
 ASF1, RTT109 
Table. 2-1 ฝⰾ㓕ザ࡞࠽࠷࡙ᢘ㓗໩㓕⣪࡛ྙᠺ⮬ほ࡛࡝ࡾ㐿ఎᏄ⩄ 
  
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 ࡱࡒࠉsod1◒ቪᰬ ࡢMethyl methanesulphonate (MMS) ࡷ4-Nitroquinoline 1-oxide (4NQO) ࡛࠷ࡖ
ࡒDNAഭᐐ๠ࡷDNA ᠺྙ㜴ᐐ๠࡚ ࠵ࡾࠉHydroxyurea (HU) ࡞ᑊ࡙ࡊ 㟸ᖏ࡞ᙁ࠷វུ ᛮࢅ♟
ࡊࠉࡐࡡⅴᅄࡢࠉDNA ᠺྙࡡᚂ㏷㓕⣪࡚ ࠵ࡾRibonucleotide reductaseࡡ㑇ඔ࡞ᚪこ࡝NADPH
࠿ᯜῤ࡙ࡊ ࡊࡱࡖࡒ࡛ࡆ ࠉࡱࡒࠉDNA ഭᐐࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹࡡὩᛮ໩࠿΅ ᘽ໩࡙ࡊ ࡊࡱ࠹ࡒ
ࡴ࡚ ࠵ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Carter et al., 2005)ࠊࡱࡒࠉtsa1◒ቪᰬ ࡢDNAഭᐐ๠࡞ᑊࡌࡾវ
ᛮུ࠿㔕⏍ᰬ ⇆࡛⛤ᗐ࡚ ࠵ࡾࡵࡡࡡࠉ㟸ᖏ࡞㧏㢎ᗐ࡚ DNA࡞ን␏࠿⏍ࡋࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙
࠷ࡾ(Huang et al,. 2005ࠉRagu et al., 2007)ࠊᢘ㓗໩㓕⣪◒ቪᰬ ⏍࡚ࡋࡒ⾪⌟ᆵ࠾ࡼࠉᢘ㓗໩㓕⣪ࡢ
ROS ࡡ㝎ཡࡡࡲ࡝ࡼࡍࠉ௥ㅨࡷࢣࢿ࣑Ꮽᏽᛮ⥌ᣚᶭ ⮤ᵋమ࡞㛭୙࡙ࡊ ࠉࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ࡞
㛭୙࡙ࡊ ࠷ࡾྊ⬗ᛮࡢ㧏࠷ࠊୌ᪁ࠉࡆࡿࡼࡡሒ࿈࡛ ࡢื ࡞ࠉDNA ഭᐐࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹ࡞࠽
࡙࠷ ⬗ᶭࡊダ⣵⾉⟮ᣉᘿᛮ኶ㄢ⑍ (ataxia telangiectasia ; AT) ࡡⅴᅄ㐿ఎᏄ⏐∸࡚ ࠵ࡾATMࡷ
DNA஦ᮇ㙈ว᩷ ࡡಞᚗᶭ ࡡᵋࡥ࡛ ࡚ࡗ ࠵ࡾࠉNon-homologous End Joining (NHEJ) ࡞㛭୙ࡌࡾ
KU86 ࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ࡞ SOD1 ࢅ㐛๨Ⓠ⌟ࡌࡾ࡛⮬ほ࡛࡝ࡾࡆ࡛࠿ሒ࿈ࡈࡿ࡙࠷ࡾ
(Peter et al,. 2001ࠉKaranjawala et al., 2002ࠉKaranjawala et al., 2003)ࠊSODࡢ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢅ㝎
ཡࡌࡾ࡛ ⇆᫤࡞ࠉ㐛㓗໩ラ⣪ࢅ⏍ᠺ࡙ࡊ ࠷ࡾࡒࡴ࡞ࠉ㐛๨࡞Ꮛᅹ࡙ࡊ ࡵࢣࢿ࣑Ꮽᏽᛮࢅ఩ୖ ࡈ
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➠4⟿ ROS࡛⣵⬂⑵る 
 ROSࡢDNAࡷࢰࣤ ࣂࢠ㈹ࠉ⬙㈹࡝࡜࡞ᑊ࡙ࡊ 㧏࠷ഭᐐᛮࢅ᭯ ࡌࡾࡒࡴ࡞᭯ࠉ ᐐ∸㈹࡛ ࡙ࡊ
ᤂ࠻ࡼࡿࡾୌ᪁࡚ ࠉࢨࢡࢻࣜఎ㐡∸㈹࡛ ࡙ࡊ ⬗ᶭࡊࠉࢰࣤ ࣂࢠ㈹୯ࡡࢲ࢛࣭ ࣜᇱࢅ㓗໩ࠉ❟మ
㏸ᵋࢅን໩ࡈࡎࡾ࡛ࡆ ࡚ࠉࢰࣤ ࣂࢠ㈹ࡡ㓕⣪Ὡᛮࠉ⣵⬂හᑻᅹࠉDNA ⤎ྙ ᛮ➴ࢅን໩ࡈࡎࡾ
࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࠊ 
 ROS ࡢࢨࢡࢻࣜఎ㐡∸㈹࡛ ࡙ࡊ ࠉ⣵⬂⑵るࡷ⣵⬂࿔᭿ࡡ㐅⾔࡞ࡵ㛭୙࡙ࡊ ࠷ࡾྊ⬗ᛮ࠿♟
ြࡈࡿ࡙ ࠽ࡽࠉ⣵⬂⑵る࡞㛭୙ࡌࡾ⤊㊨ࡷS᭿(DNA ⿿々᭿) ࡷM᭿(ฦ⿛᭿) ࡡ㛜╂ࢅโᚒࡊ
࡙࠷ࡾᅄᏄࡡὩᛮ໩ࠉ୘Ὡ໩࡫ࡡ㛭୙ࢅሒ࿈࡙ࡊ ࠷ࡾㄵᩝ ࡢኣᩐᏋᅹ࡙ࡊ ࠷ࡾࠊ⣵⬂⑵るᅄᏄ
࡛࡙ࡊ ࡢࠉepidermal growth factor (EGF) ࡷplatelet-derived growth factor (PDGF) ࠉprotein Kinase C 
(PKC) ࡷprotein kinase B (AKT) ࡡ⤊㊨࠿ROSࢅ௒࡙ࡊ Ὡᛮ໩ࠉ୘Ὡ໩ࡈࡿࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ
࡙࠷ࡾ(Bae et al., 1997ࠉBrar et al., 1999ࠉJunn et al., 2000ࠉSundaresan et al., 1995)ࠊࡱࡒࠉ⣵⬂࿔᭿
ࡡ㐅⾔࡞㛭୙࡙ࡊ ࠷ࡾᅄᏄ࡛ ࡙ࡊ ࡢࠉcyclin D1ࡷp16ࠉp21ࠉCdc25c࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾࠊ 
 
  ➠5⟿ SOD2  
 SODࡢ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢅ㐛㓗໩ラ⣪࡞ንᥦࡌࡾᢘ㓗໩㓕⣪ࡡ1࡚ࡗ ࠵ࡽࠉⅴᰶ ⏍∸࡚ ࡢ㕪
࢕࢛ࣤ 㒼నᆵࡡFe-SODࡷࢼࢴࢢࣜ࢕࢛ࣤ 㒼నᆵࡡNi-SOD࠿ࠉฝⰾ㓕ザ࡝࡜ୖ ➴┷ᰶ ⏍∸࡚
ࡢ㖙࢕࢛ࣤ ࠽ࡻࡦல㕼࢕࢛ࣤ 㒼నᆵࡡCu, Zn-SOD (SOD1)ࠉ࣏ࣤ ࢝ࣤ ࢕࢛ࣤ 㒼నᆵࡡMn-SOD 
(SOD2) ࡡ偐⛸㢦࠿Ꮛᅹࡊࠉ᭞࡞㧏➴┷ᰶ ⏍∸࡚ ࡢฦἢᆵࡡEC-SOD (SOD3) ࠿Ꮛᅹ࡙ࡊ ࠷ࡾ
࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࠊࡆࡡ࠹ࡔࠉSOD2ࡢFe-SOD ࡡ࡛㛣࡚ ┞⇆ᛮࢅ᭯ ࡙ࡊ ࠷ࡾࠊSOD2ࡢ224
࢓࣐ࢿ㓗࠾ࡼ࡝ࡾࢰࣤ ࣂࢠ㈹࡚ ࠉNᮆ❻ഁ࡞࣐ࢹࣤࢤ ࢺࣛ࢓⛛⾔ࢨࢡࢻࣜ࠿Ꮛᅹࡊࠉ4㔖మ࡛
࡙ࡊ ࣐ࢹࣤࢤ ࢺࣛ࢓࡞Ꮛᅹ࡙ࡊ ࠷ࡾࠊFig.2-2࡞♟ࡌࡻ࠹࡝ὩᛮࢅᣚࡔࠉὩᛮࡡⓆ⌟࡞ࡢὩᛮ୯
ᚨ࡚ ࠵ࡾTyr 34ࡡ௙ࠉ࣏ࣤ ࢝ࣤ ࢕࢛ࣤ ࠿ᚪこ࡚ ࠵ࡾࡒࡴࠉ࣏ࣤ ࢝ࣤ ࢕࢛ࣤ ࡡ⤎ྙ 㒂న࡚ ࠵ࡾࠉ
                                 11                                   





Fig. 2-2 SODࡡ㓕⣪Ὡᛮ 
 
 Sod2ࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪࡢ࡚ࡌ ࡞ࡨࡒࡗࡡ⣌⤣࡞࠽࡙࠷ ష⿿ࡈࡿ࡙ ࠽ࡽࠉ࡜ࡔࡼࡡ⣌
⤣࡞࠽࡙࠷ ࡵᖲᆍⓏ࡝ᑋ࿤ࡢ2㐄㛣⛤ᗐ࡚ ࠉᚨ➵➴࠿ഭᐐࡈࡿ⮬ほ࡛ ࡝ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ
࡙࠷ࡾࠊࡈࡼ࡞ࠉࡆࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ⏜ᮮ⣵⬂ࡢ᯹Ⰵమ␏ᖏ࠿㉫࡙ࡀ ࠷ࡾ࡛ࡆ ࠿ሒ࿈
ࡈࡿ࡙ ࠽ࡽࠉSod2࠿ࢣࢿ࣑Ꮽᏽᛮ࡞ᐞ୙࡙ࡊ ࠷ࡾྊ⬗ᛮ࠿♟ြࡈࡿ࡙ ࠷ࡾࠊ 
 ฝⰾ㓕ザ࡚ ࡢࠉ5̓ Ѝ3̓ ᪁ྡྷ ࡡDNA helicaseὩᛮࢅᣚࡗࢰࣤ ࣂࢠ㈹࡚ ࠵ࡽࠉ┷ᰶ ⏍∸࡞
࠽࡙࠷ 㧏ࡂಕᏋࡈࡿ࡙ ࠷ࡾPif1ࡡsubfamily ࡚࠵ࡾRRM3(rDNA recombination mutation) ࡛
SOD2ࡡ஦㔔◒ቪᰬ ࠿ྙ ᠺ⮬ほ࡞࡝ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾࠊࡐࡡ௙ࠉSod2 ∸࡛⌦Ⓩ࡞┞
பష⏕ࡌࡾࢰࣤ ࣂࢠ㈹࡛ ࡙ࡊ ࠉNon-homologous End Joining (NHEJ) ࡞㛭୙ࡌࡾYku80ࡷࠉ
single-strsanded DNA endonuclease ࡚࠵ࡾRad10࠿ࣈࣞࢷ࢛࣐ࢠࢪⓏᡥἪ࡞ࡻࡽ⇆ᏽࡈࡿ࡙
࠷ࡾ(Ho et al. 2002)ࠊ 
 ࡱࡒࠉSOD2ࡢࠉ⣵⬂࿔᭿౪ᏋⓏ࡞Ὡᛮ࠿ንິ ࡌࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠽ࡽࠉG0/G1᭿࡞࠽࠷
Ὡ࡙ᛮ࠿᭩ࡵ㧏ࡂࠉS᭿࡞ථࡖ࡛ࡒ ⇆᫤࡞᛬⃥ ࡞఩ୖ ࡊࠉ⇆᫤࡞ROSࡵ⑵ຊࡌࡾ࡛ࡆ ࠿ሒ
࿈ࡈࡿ࡙ ࠷ࡾ(Oberley et al. 1995)ࠊࡈࡼ࡞ࠉSOD2ࢅHeLa⣵⬂࡚ 㐛๨Ⓠ⌟ࡈࡎࡾ࡛ ࣤࢤ ࣆࣜ
࢙ࣤ ࢹ࡞࡝ࡽࠉ㏳ᖏ࡝ࡼG1᭿࡞ೳでࡌࡾ᮪௲࡞࡝࡙ࡖ ࡵࠉ᭞࡞⣵⬂⑵る⬗ࢅಕࡗ࡛ࡆ ࠿
࡚ࡀࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Sarsour et al., 2005)ࠊ 
SOD-M2++O2- SOD-M++O2 
SOD-M++O2-+2H+ SOD-M2++H2O2 
O2-+O2- 2H+ H2O2+ O2 
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➠6⟿ ࢼ࣠ࢹࣛDT40⣵⬂ 
 DT40⣵⬂ᰬ ࡢࠉࢼ࣠ࢹࣛBࣛࣤ ࣂ⌣⏜ᮮࡡ⣵⬂࡚ ࠵ࡽࠉࢼ࣠ࢹࣛࡡඞ␷ᢰᙔჹᏻ࡚ ࠵ࡾࣇ
ࣜࢧහࡡ⣵⬂ࢅࢹࣛⓉ⾉⑋ࢗ࢔࡚ࣜࢪ ୘ほ໩ࡈࡎࠉࢼ࣠ࢹࣛ B ࣛࣤ ࣂ⌣๑㥉⣵⬂ࡡฦ⿛ࡡ㝷
࡞⾔ࢂࡿࡾV-J ∞࡛᩷ അV ∞᩷㛣ࡡ┞⇆⤄ᥦ࠻ࡡ⤎ᯕ⏍ࡋࡾlg gene conversionࡡ⬗ງࡡಕᣚࢅ
ᣞᵾ࡛ ࡙ࡊ ༟㞫ࡈࡿࡒ⣵⬂࡚ ࠵ࡾࠊࡆࡡ⣵⬂࡚ ࡢࠉᵾⓏ⤄ᥦ࠻࠿ࣚࣤ ࢱ࣑࢕ࣤ ࢷࢡ࣭ࣝ ࢨࣘࣤ
⇆࡛ࡋຝ⋙࡚ ㉫ࡆࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿࡒ (Buerstedde and Takeda., 1991) ࠊࡐࡡࡒࡴࠉDT40⣵⬂ᰬ
ࡢ≁ᏽ㐿ఎᏄࡡ◒ቪᰬ ࠿ᐖ᪾࡞ష⿿࡚ ࡀࠉ㎷㏷࡝㐿ఎᏕⓏゆᯊ࠿ྊ⬗࡛ ࡝ࡾࠊࡈࡼ࡝ࡾฺ Ⅴ࡛
࡙ࡊ ࡢࠉ(1) 偕⛸㢦ࡡⷾ ๠⪇ᛮ࣏࣭ ࣭࢜ ࠿౐࠻ࡾࡡ࡚ ᭩ኬ㸨⛸㢦ࡡ㐿ఎᏄࡡ㔔々 ࢿࢴࢠ࢓ࢗࢹ
࠿࡚ ࡀࡾ࡛ࡆ ࠉ (2) ᆵᰶ࡛ ⣵⬂ࡡ⾪⌟ᆵ࠿㟸ᖏ࡞Ꮽᏽ࡚ ࠵ࡽࠉࡱࡒࠉ⣵⬂ࡡ⑵る࠿㏷࠷࡛ࡆ ࠉ 
(3) ⮬ほⓏን␏ࡡᑙථࡡ㝷࡞ࡢࢷࢹࣚࢦ࢕ࢠࣛࣤ ࢅ⏕࠷ࡒon-offࡡ⣌ࢅᑙථࡌࡾTet-on/Tet-off 
gene expression systemࡷCre-LoxP systemࡡࡻ࠹࡝᮪௲⮬ほᰬ ࢅష⿿ࡌࡾ࡛ࡆ ࠿࡚ ࡀࡾ࡛ࡆ ࠿ᣪ
ࡅࡼࡿࡾࠊ 
➠7⟿ ᮇ◂✪ࡡ┘Ⓩ 
 Sod2 ࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪࡢᑋ࿤࠿᭩㛏2ࠉ3㐄㛣࡛ ኬን▯࿤࡚ ࠵ࡽࠉ࠾ࡗゆᯊ᫤࡞ࡢ࡚ࡌ ࡞
㛏᭿㛣࡞ῳ࡙ࡖ 㓗໩ࢪࢹࣝࢪࢅུ ࡄ⤾࡙ࡄ ࠷ࡾ≟ឺ ࡞࠵ࡾࡒࡴࠉSOD2ᮇᮮࡡᶭ ⬗ࢅビ౮ࡌࡾࡡ
ࡢᅏ㞬࡚ ࠵ࡾࠊࡐ࡚ࡆ ᮇ◂✪࡚ ࡢࠉࢼ࣠ࢹࣛDT40⣵⬂ࡡ㛏ᡜࢅὩ࠾ࡊࠉࢷࢹࣚࢦ࢕ࢠࣛࣤ ࢅ⏕
࠷ࡒon-offࡡ⣌ࢅᑙථࡌࡾTet-on/Tet-off gene expression systemࢅ⏕࠷ࡾ࡛ࡆ ࡚ࠉSOD2Ⓠ⌟ೳで
├ᚃࡡ⾪⌟ᆵࢅゆᯊࡌࡾ࡛ࡆ ࢅྊ⬗࡛ ࡌࡾ⣌ࢅ☔❟ࡊࠉSOD2ᯜῤ├ᚃࡡ㓗໩ࢪࢹࣝࢪ࠿ࢣࢿ࣑
Ꮽᏽᛮࡷ⣵⬂࿔᭿㐅⾔࡞୙࠻ࡾᙫ㡢ࢅゆᯊࡌࡾ࡛ࡆ ࢅ┘Ⓩ࡛ ࡊࡒࠊ 
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➠3❮ ࢼ࣠ࢹࣛDT40⣵⬂ࢅ⏕࠷ࡒ SOD2᮪௲◒ቪᰬࡡష⿿ 
➠1⟿ ࡢࡋࡴ࡞ 
 ๑❮࡚ ㏑࡬ࡒࡻ࠹࡞ࠉ࣐ࢹࣤࢤ ࢺࣛ࢓ᑻᅹᆵSOD ࡚࠵ࡾSOD2ࡡࢣࢿ࣑Ꮽᏽᛮࡡ⥌ᣚࡷ⣵⬂
࿔᭿ࡡ㐅⾔࡫ࡡ㛭୙ࢅゆᯊࡌࡾࡒࡴ࡞ࠉDT40 SOD2◒ቪᰬ ࢅష⿿ࡌࡾ࡞࠵ࡒ࡙ࡖ ၡ㢗࡛ ࡝ࡾ࡛
⩻࠻ࡼࡿࡒࡡ࠿ࠉ௙⛸ࡡSOD2◒ቪᰬ び࡚ᐳࡈࡿࡾ⮬ほᛮ࡚ ࠵ࡾࠊSOD2ࡡࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ
ࡢ⫶⏍⮬ほ࡞࡝ࡼ࡝࠷ࡱ࡚ ࡵࠉᚨ➵➴ࡡഭᐐ࠾ࡼᑋ࿤ࡢ᭩㛏࡚ ࡵ2㐄㛣⛤ᗐ࡚ ࠵ࡾ࡛ࡆ ࠉࡱࡒࢿ
ࢴࢠ࢓ࢗࢹ࣏ࢗࢪ⏜ᮮ⣵⬂ࡵ㟸ᖏ࡞⾪⌟ᆵ࠿ᙁࡂࠉ♼⤊⏜ᮮ⣵⬂ࡢ㏳ᖏᇰ㣬᮪௲ୖ ࡢ࡚⮬ほ࡚ ࠵
ࡾ(Li et al., 1995ࠉLiu et al., 2006)ࠊࡆࡡࡒࡴࠉ㏳ᖏࡡ᪁Ἢ࡚ SOD2㐿ఎᏄࢅ◒ቪ࡙ࡊ ࡵࠉSOD2◒
ቪᰬ ࠿ᚋࡼࡿ࡝࠷ྊ⬗ᛮ࠿㧏࠾ࡖࡒࠊࡱࡒࠉ௫࡞ᶖ❟ྊ⬗ࡓࡖ࡛ࡒ ࡙ࡊ ࡵࠉ㐛ᗐ࡝㓗໩ࢪࢹࣝࢪ
࠿⵫✒࡙ࡊ ࠷ࡀࠉᚆࠍ࡞຋໩࡙ࡊ ࠷ࡂྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࡒࡴࠉSOD2ࡡࢣࢿ࣑Ꮽᏽᛮ⥌ᣚࡷ⣵
⬂࿔᭿ࡡ㐅⾔࡫ࡡ㛭୙ࢅと☔࡞㏛ヴࡌࡾࡡࡢᅏ㞬࡚ ࠵ࡾ࡛ ⩻࠻ࡼࡿࡒࠊࡐ࡚ࡆ ࠉࢷࢹࣚࢦ࢕ࢠࣛ
ㄇࣤᑙమ࡚ ࠵ࡾࠉࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ࡡ῟ ຊ࡞ࡻ࡙ࡖ ┘Ⓩࡡࢰࣤ ࣂࢠ㈹ࡡⓆ⌟ࢅೳでࡈࡎࡾ࡛ࡆ ࠿
࡚ࡀࡾTet-off systemࢅᑙථࡊࠉSOD2᮪௲◒ቪᰬ ࢅష⿿ࡌࡾ࡛ࡆ ࡞ࡊࡒࠊ 
 ࡐ࡚ࡆ ࠉSOD2᮪௲◒ቪᰬ ᶖ❟ࡡᡋ␆ࢅ௧ୖ ࡡࡻ࠹࡞❟࡙ ࡒࠊ 
ձ SOD2◒ቪ⏕࣊ࢠࢰ࣭ ࢅష⿿ࡌࡾ 
ղ SOD2-/+ ࢅᰬష⿿ࡌࡾࠊ 
ճ Tet-off system ࣃ࡚ࢹSOD2ࢅⓆ⌟ࡈࡎࡾࡒࡴࡡ࣊ࢠࢰ࣭ (hSOD2/1-118)ࢅష⿿ࡊࠉSOD2-/+ ᰬ
࡞ᑙථࡌࡾࠊ 
մ SOD2-/- /hSOD2-HAtet-off ࢅᰬష⿿ࡌࡾࠊ 
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➠2⟿ SOD2◒ቪ⏕࣊ࢠࢰ࣭ࡡష⿿ 
3.2.1 ࢼ࣠ࢹࣛSOD2ࡡࢣࢿ࣑DNAࡡࢠ࣭ࣞ ࢼࣤ ࢡ 
 ࡱࡍࠉࢼ࣠ࢹࣛSOD2◒ቪ⏕࣊ࢠࢰѸࢅష⿿ࡌࡾࡒࡴ࡞ࠉDT40⣵⬂࠾ࡼࢣࢿ࣑DNAࢅ᢫ฝࡊࠉ
ࡆࡿࢅ㗢ᆵ࡛ ࡙ࡊ SOD2ࡡࢣࢿ࣑DNAධ㛏ࢅPCR࡞ࡻ࡙ࡖ ⑵ᖕࡊࡻ࡛࠹ ムࡲࡒࠊࡊ࠾ࡊࠉGC 
rich࡝㒼า࠿➠ୌ࢙࢞ࢮࣤ ࠾ࡼ࢕ࣤ ࢹࣞࣤ ࡞࠾࡙ࡄ ᩐⓊሲᇱᏋᅹࡌࡾࡒࡴ࠾ࠉPCR⏐∸ࢅ࢓࢝ࣞ
࣭ࢪ㞹ポὃິ ࡞ࡻ࡙ࡖ ᒈ㛜࡙ࡊ ࡵࠉᩐᅂ࡞偏ᅂ⛤ᗐࡊ࠾┘Ⓩࡡኬࡀࡈࡡࣁࣤ ࢺ (⣑7 Kbp) ࢅ☔
ヾࡌࡾ࡛ࡆ ࡢ࡚ ࡀࡍࠉࡊ࠾ࡵ☔ヾ ࡚ࡀࡒ ࡛࡙ࡊ ࡵࠉ⑵ᖕຝ⋙࠿ᴗࡴ࡙ ᝇ࠾ࡖࡒࠊࡐ࡚ࡆ ࠉࡆࡡ
PCR⏐∸ࢅ㗢ᆵ࡛ ࡙ࡊ GC rich࡝㒼าࢅ㝎࠷ࡒࠉ➠஦࢙࢞ࢮࣤ ࠾ࡼ➠஫࢙࢞ࢮࣤ ࢅnested PCR࡞
ࡻ࡙ࡖ ⑵ᖕࡊࡻ࡛࠹ ムࡲࡒࠊࡐࡡ⤎ᯕࠉ┘Ⓩࡡ⣑6 KbpࡡPCR⏐∸ࢅᚋࡾ࡛ࡆ ࠿࡚ ࡀࡒࠊࡆࡡ
PCR⏐∸ࢅpGEM-T easy vector࡞⤄ࡲ㎰ࡲࠉࢠ࣭ࣞ ࢼࣤ ࢡࡊࡒᚃࠉDNAሲᇱ㒼าࢅ☔ヾ ࡊࡒ⤎
ᯕࠉSOD2ࡡ➠2࢙࢞ࢮࣤ ࠾ࡼ➠5࢙࢞ࢮࣤ ࢅྱ ࢆ࡚ ࠷ࡾ࡛ࡆ ࢅ☔ヾ ࡊࡒࠊ 
3.2.2  SOD2◒ቪ⏕࣊ࢠࢰѸࡡష⿿ 
 ᚋࡼࡿࡒSOD2ࡡࢣࢿ࣑DNAࡡ࠹ࡔࠉࢰ࣭ ࢣࢴࢹ࡛ ࡝ࡾ㒼าࢅ᳠ ⣬ࠉSOD2ࡡὩᛮ୯ᚨ࡚ ࠵
ࡾࠉMn࢕࢛ࣤ ࡡ⤎ྙ ࢦ࢕ࢹࢅ࣭ࢩ ࢰ࣭ࣤ ࢣࢴࢷ࢔ࣤ ࢡࡡᵾⓏ࡞ࡊࡒࠊMn࢕࢛ࣤ ࡡ⤎ྙ ࢦ࢕ࢹ
ࡢࠉSOD2ࡡ➠2ࠉ3ࠉ4ࠉ5࢙࢞ࢮࣤ ࡐࡿࡑࡿ࡞1ࡗ࠾ࡼ2ࡗᏋᅹ࡙ࡊ ࠷ࡾࠊᕞྎ ୦❻࡞ᩐ༐ሲ
ᇱᑊࡡ┞⇆ᛮࡡ࠵ࡾ㒼า࠿࠵ࡾ࡛ ࠉ࣭ࢩ ࢰ࣭ࣤ ࢣࢴࢷ࢔ࣤ ࢡࡡຝ⋙࠿Ⰳ࠷࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࡡ
࡚ࠉࢰ࣭ ࢣࢴࢷ࢔ࣤ ࢡ࣊ࢠࢰ࣭ ࡡᕞྎ ࡞༎ฦ࡝㛏ࡈࡡDNAࢅ௛ຊࡌࡾࡒࡴ࡞ࠉ୯ኳࡡ➠3࢙࢞
ࢮࣤ ࡡMn࢕࢛ࣤ ࡡ⤎ྙ ࢦ࢕ࢹ(His 81)ⷾ࡞ ๠࣏࣭ ࢜Ѹࢅ᣼ථࡌࡾ࡛ࡆ ࡞ࡊࡒࠊࡐ࡚ࡆ ࠉFig. 3-1ࡡ
ࡻ࠹࡝ᡥ㡨࡚ ➠3࢙࢞ࢮࣤ ࡡ୦❻࡞BamHϨࢦ࢕ࢹࢅ᣼ථࡊࠉ➠3࢙࢞ࢮࣤ ධ㛏ࢅ㝎࠷ࡒ࣊ࢠࢰ
ࢅ࣭ష⿿ࡊࡒࠊ᭩ᚃⷾ࡞ ๠⪇ᛮ࣏࣭ ࢜Ѹ ࢅ᣼ථ࡙ࡊ ࠉSOD2ࡡ◒ቪ⏕࣊ࢠࢰѸࢅష⿿ࡊࡒࠊ 
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➠3⟿ ࣃࢹSOD2-HA / Tet-off ࣊ࢠࢰѸࡡష⿿ 
 SOD2ࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪࡢࠉ಴మ࡚ࣝ࣊ࣜ ࡢ⮬ほ࡚ ࠵ࡽࠉ⣵⬂࡚ࣝ࣊ࣜ ࡵ㟸ᖏ࡞ࢨࢴ࡚ࢠ ࠵
ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾࠊᚉ࡙ࡖ ࠉDT40ࡡSOD2◒ቪᰬ ࡵష⿿๑ࡢ⮬ほ࡚ ࠵ࡾྊ⬗ᛮ࠿⩻࠻ࡼ
ࡿࡒࠊࡱࡒࠉࡵࡊష⿿࡚ ࡀ࡛ࡒ ࡙ࡊ ࡵࠉ◒ቪᙔิ ࠾ࡼ㓗໩ࢪࢹࣝࢪࢅུ ࡄ⤾ࡄࡾࡒࡴࠉと☔࡝⾪
⌟ᆵࢅびᐳ࡚ ࡀ࡝࠷ྊ⬗ᛮ࠿࠵ࡖࡒࠊࡐ࡚ࡆ ࠉ Tet-off system Ⓠ࡚⌟ࢅೳで࡚ ࡀࡾࣃࢹSOD2Ⓠ
⌟⣌ࢅᑙථᚃࠉࢹࣛSOD2ࢅ◒ቪࡌࡾ࡛ࡆ ࡞ࡻࡽࠉSOD2᮪௲◒ቪᰬ ࢅష⿿ࡌࡾ࡛ࡆ ࡛ࡊࡒࠊ 
3.3.1  ࣃࢹSOD偐 cDNAࡡࢠ࣭ࣞ ࢼࣤ ࢡ 
 ࣃࢹᏄᐋ㡹⒬⣵⬂࡚ ࠵ࡾHeLa⣵⬂࠾ࡼmRNAࢅ᢫ฝࡊࠉcDNA ࢅྙ ᠺࡊࡒࠊࡆࡿࢅ㗢ᆵ࡛
࡙ࡊ PCRࢅ⾔࠷ࠉࣃࢹ SOD2 cDNAࢅ⑵ᖕࡊࡒࠊࡆࡡPCR⏐∸ࢅpGEM-T easy vector࡞⤄ࡲ㎰
ࡲࠉࢠࣞѸࢼࣤ ࢡࡊࡒࠊDNAሲᇱ㒼าࢅ☔ヾ ࡊࡒ⤎ᯕࠉࣃࢹSOD2 cDNA ࡚࠵ࡾ࡛ࡆ ࢅ☔ヾ ࡊࡒࠊ 
3.3.2  ࣃࢹSOD2-HA / Tet-off ࣊ࢠࢰѸࡡష⿿ 
 ᚋࡼࡿࡒࣃࢹSOD2 cDNAࢅTet-off system ᑙථ⏕࣊ࢠࢰ࣭ ࡚࠵ࡾ1-118࣊ࢠࢰ࣭ ࡞⤄ࡲ㎰ࡳ
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➠4⟿ SOD2-᮪௲◒ቪᰬࡡష⿿ 
3.4.1  SOD2-/+ ࡡᰬష⿿ 
  ࡱࡍࠉDT40㔕⏍ᰬ ࡞ᑊ࡙ࡊ ࠉFig. 3-1ࡡࡻ࠹࡞࡙ࡊ ᚋࡼࡿࡒSOD2◒ቪ⏕࣊ࢠࢰѸࢅࢹࣚࣤ ࢪ
ࣆ࢘ࢠࢨࣘࣤ ࡊࠉSOD2-/+ ࡡᰬᶖ❟ࢅムࡲࡒࠊࡊ࠾ࡊ࡝࠿ࡼࠉࢹࣚࣤ ࢪࣆ࢘ࢠࢨࣘࣤ ᚃࠉgeneticin
࡞ᑊ࡙ࡊ ⪇ᛮࢅ⋋ᚋࡊࡒࢤࣞࢼ࣭ ࡢ⏍࡙࠻ ࡂࡾࡵࡡࡡࠉࢣࢿ࣑DNAࢅ᢫ฝࡊࢣࢿ࣑PCR࡞ࡻ
࡙ࡖ SOD2-/+ ࡡᰬᶖ❟ࢅ☔ヾ ࡊࡻ࡛࠹ ࡊ࡛ࡒ ࡆࢀࠉ1 ࢠ࣭ࣞ ࡵࣤ◒ቪࢅ☔ヾ ࡌࡾ࡛ࡆ ࠿࡚ ࡀ࡝࠾
ࡖࡒࠊࡐ࡚ࡆ ࠉࣈࣚ࢕࣏Ѹࢅ々 ᩐ಴ムࡊࡒࡵࡡࡡࠉࡐࡿ࡚ ࡵ☔ヾ ࡢ୘ྊ⬗ࡓࡖࡒࠊࡆ࡚ࡆ ᗐ්ࠉ
ࢸ࣭ ࢰ࣭࣊ ࢪ࡞ࡻ࡙ࡖ SOD2ࡡࢣࢿ࣑DNA㒼าࢅ☔ヾ ࡊ࡛ࡒ ࡆࢀࠉ௧๑࡞ࠉ◒ቪ⏕ࣤࢤ ࢪࢹࣚ
ࢠࢹࢅష⿿ࡊࡒ᫤࡞☔ヾ ࡊࡒ㒼า࡛ ࠉࣈࣚ࢕࣏Ѹࢅシ゛ ࡙ࡊ ࠷ࡒ➠ୌ࢙࢞ࢮࣤ ࡡ㒼า࠿ኣᑛ␏࡝
࡙ࡖ ࠷ࡾ࡛ࡆ ࠿ฦ࠾ࡖࡒࠊࡐ࡚ࡆ ࠉࡆࡡ㒼าࢅࡵ࡛ ᩺࡞ ࡒ࡞ࣈࣚ࢕࣏Ѹࢅシ゛ ࡊࠉ◒ቪࢅ☔ヾ ࡊ
࡛ࡒ ࡆࢀࠉSOD2-/+ ࡡᰬᶖ❟ࢅ☔ヾ ࡌࡾ࡛ࡆ ࠿࡚ ࡀࡒࠊ(24ࢠ࣭ࣞ ୯ࣤ2ࢠ࣭ࣞ :ࣤ 8.3 %) 
3.4.2  Tet-off systemࡡᑙථ   
 ḗ࡞ࠉSOD2-/+ ᰬ࡞Tet-off system࡚hSOD2ࢅⓆ⌟ࡈࡎࡾࡒࡴ࡞ࠉష⿿ࡊࡒhSOD2-HA/1-118࣊
ࢠࢰѸ࠽ࡻࡦ1-128࣊ࢠࢰѸࢅࢹࣚࣤ ࢪࣆ࢘ࢠࢨࣘࣤ ࡊࡒࠊHygromycin B࡞ᑊ࡙ࡊ ⪇ᛮࢅ⋋ᚋࡊࡒ
ࢤࣞࢼѸ࠾ࡼ cDNAࢅ᢫ฝࡊࠉhSOD2-HAࡡⓆ⌟ࢅRT-PCR࡞ࡻ࡙ࡖ ☔ヾ ࡊࡒ⤎ᯕࠉⓆ⌟ࢅび
ᐳࡌࡾ࡛ࡆ ࠿࡚ ࡀࡒࠊ(4ࢠ࣭ࣞ ୯ࣤ1ࢠ࣭ࣞ :ࣤ 25 %) 
3.4.3  SOD2-/+/hSOD2-HA ࡡᰬష⿿ 
 ᭩ᚃ࡞ࠉよࡈࡿࡒࡵ࠹ 1 ࡗࡡ SOD2 㐿ఎᏄࢅ◒ቪࡌࡾࡒࡴࠉࡵ࠹ୌᗐ SOD2
◒ቪ⏕࣊ࢠࢰѸࢅࢹࣚࣤࢪࣆ࢘ࢠࢨࣘࣤࡊࠉᚋࡼࡿࡒ࣏࢕ࢤࣆ࢘ࢿ࣭ࣜ㓗⪇ᛮࢤ
ࣞࢼ࣭ࡡࢣࢿ࣑ DNA ࢅ᢫ฝࡊࠉࢣࢿ࣑ PCR ࡞ࡻࡽࢩ࣭ࣤࢰ࣭ࢣࢴࢷ࢔ࣤࢡࡡ
᭯↋ࢅ☔ヾࡊࡒ⤎ᯕࠉ々ᩐࡡࢠ࣭࡚ࣞࣤ◒ቪ࠿☔ヾࡈࡿࡒࠊ(96ࢠ࣭ࣞࣤ୯ 3ࢠ
࣭ࣞࣤ: 3.1 %)᭞࡞ࠉࢣࢿ࣑ PCRࡡ⤎ᯕ࠿㝟ᛮࡓࡖࡒࢠ࣭ࣞࣤࢅ RT-PCR࡛ࢦࢧ








Fig. 3-3  SOD2-/-/hSOD2-HAᰬࡡష⿿  
(A) RT-PCR 
 ྘⣵⬂ᰬ࠾ࡼ total RNA ࢅ᢫ฝࡊࠉ྘ࣈࣚ࢕࣏࣭ࢅ⏕࠷࡙ RT-PCR ࢅ⾔ࡖࡒࠊ2 ࢠ࣭ࣞࣤ࡞࠽



















+/+ -/+ #1 #2 +/+: 























Fig. 3-3  ⤾ࡀ  
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➠ 4❮ SOD2᮪௲◒ቪᰬࡡ⾪⌟ᆵࡡゆᯊ 
➠1⟿ SOD2ᯜῤ࡞ࡻࡾ⤊᫤Ⓩን໩ 
4.1.1 ࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᚃࡡhSOD2ࡡᾐ኶ 
 ᶖ❟ࡊࡒSOD2᮪௲◒ቪᰬ ࡞ᑙථࡊࡒtet-off system࠿とᖏᶭ࡞ ⬗࡙ࡊ ࠷ࡾࡡ࠾ࢅ☔ヾ ࡌࡾࡒࡴ
࡞ࠉࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᚃࡡhSOD2Ꮛᅹ㔖ࡡን໩ࢅ᫤㛣ࢅ࠽࡙ࡖ ῼᏽࡊࡒࠊࡐࡡ⤎ᯕࠉᚋࡼ









Fig. 4-1 ࢺ࢞ࢨࢦ࢕ࢠࣛࣤ῟ຊᚃࡡhSOD2ࡡᾐ኶ 




 Sod2ࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ⏜ᮮ⦼⥌ⰾ⣵⬂ࡢࠉ㔕⏍ᰬ セ࡛㍉ࡊ⣵⬂⑵る⬗࠿㟸ᖏ࡞఩࠷࡛ࡆ ࠿ሒ
࿈ࡈࡿ࡙ ࠷ࡾ(Samper, E., et al. 2003)ࠊࡱࡒࠉSod2-/-࣏ࢗࢪ⏜ᮮࡡ♼⤊⣵⬂ࡢ㏳ᖏࡡ㓗⣪⃨ ᗐୖ ࡢ࡚
⮬ほ࡚ ࠵ࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾ(Liu, J., et al. 2006)ࠊࡐ࡚ࡆ ࠉSOD2ࡡᾐ኶࠿DT40ࡡ⣵⬂⑵る⬗࡞
hSod2-HA 
Ș-tubulin 
0 1 2 3 4 5 
SOD2-/-/hSOD2-HA 
#1 
DOX 0 1 2 3 4 5 
#2 
(Days) 
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ᙫ㡢ࢅ୙࠻ࡾࡡ᳠࠾ ゞࡌࡾࡒࡴ࡞ࠉ1106⣵⬂ࢅࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᇰᆀ࡞᧓ࡀࠉ24 ᫤㛣ࡇ
࡛࡞ࢹࣛࣂࣤ ࣇ࣭ࣜ ᯹࡚Ⰵࡈࡿ࡝࠾ࡖࡒ⣵⬂ᩐࢅ゛ ῼࡊࠉhSOD2ࡡᾐ኶࠿⣵⬂⑵る࡞→࡯ࡌᙫ
㡢ࢅㄢ࡬ࡒࠊࡐࡡ⤎ᯕࠉhSOD2࠿ᾐ኶ࡌࡾࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᚃ2᪝┘ࡱ࡚ ࡢ῟ࠉ ຊࡊ࡝࠷
ሔྙ セ࡛࡬࡮࡛ ࢆ࡜⣵⬂⑵る⬗࡞ን໩ࡢびᐳࡈࡿ࡝࠾ࡖࡒ࠿ࠉ4᪝࠾ࡼ5᪝┘࡞࡝ࡾ࡛ ᚆࠍ࡞⣵
















࡞⾪⌟ᆵ࠿ᙁࡂ࡝࡙ࡖ ࠷ࡂ࡛ࡆ ࠿஢᝷ࡈࡿࡒࠊࡐ࡚ࡆ ࠉ⣵⬂ࡡ⏍Ꮛ⋙ࢅῼᏽࡌࡾ┘Ⓩ࡚ ࠉࢺ࢞ࢨ
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࡛%001ࢅᩐ ࢼ࣭ࣞࢤࡒࡀ ࡙࠻⏍࡚ ⏍ᰬ㔕偆ࠊࡒࡊᏽῼࢅ⋙ᠺᙟ ࢼ࣭ࣞࢤࡡࡀ ࡛ࡒࡊ㣬ᇰ Υ࡚ 93
 假ࠊࡾ࠷ ࡙ࡊ
࡞Ⓩ᫤⤊ࠉ࠿⋙ᠺᙟ ࢼ࣭ࣞࢤࡒࡖࡓᗐ⛤⇆࡯࡮࡛ ⏍ᰬ㔕ࡢ๑ຊ῟ ࣛࣤࢠ࢕ࢦࢨ࢞ࢺࠉᯕ⤎ࡡࡐ 
⾪࡞ ⇆ᵕ ⬗࡛る⑵⬂⣵ࠉࡊ࠾ࡊࠊࡒࡊ ఩ୖ ࡱ࡚ᗐ⛤%52࡯࡮ࡢ࡞┘᪝5ࡼ࠾᪝4ࠉࡀ࠷ ࡙ࡊ ఩ୖ
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➠2⟿ ྘⛸ROS࡞ᑊࡌࡾវུᛮ 
4.2.1 ࣂ࣭ࣚࢤ ࢹវུ ᛮ 
 ࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ⏜ᮮࡡSod2 -/-⣵⬂ࡢࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࢅ⣵⬂හ࡚ 㐛๨࡞Ⓠ⏍ࡈࡎࡾⷾ ๠
ࡡ1⛸࡚ ࠵ࡾࣂ࣭ࣚࢤ ࢹ࡞ᙁ࠷វུ ᛮࢅ♟ࡌ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Huang et al., 1997)ࠊࡐࡡ௙࡞
ࡵࠉRNAiἪ࡞ࡻ࡙ࡖ ࢨࣘࢗࢩࣘࢗࣁ࢙࠾ࡼSOD2ࢅࢿࢴࢠࢱࢗࣤ ࡌࡾ࡛ࡆ ࡞ࡻ࡙ࡖ ࡵࠉ⇆ᵕ ࡡ
⤎ᯕ࠿ᚋࡼࡿ࡙ ࠷ࡾ(Paul et al., 2007)ࠊࡐ࡚ࡆ ࠉDT40 SOD2᮪௲◒ቪᰬ ࡵ࡚⇆ᵕ ࡞ᙁ࠷វུ ᛮࢅ
♟ࡌ᳠࠾ ゞࡌࡾࡒࡴ࡞ࠉࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᚃ5᪝┘ࡱ࡚ ࡡSOD2᮪௲◒ቪᰬ ࢅࣂ࣭ࣚࢤ ࢹ
(200ȣM) ࡚24 ᫤㛣ฌ⌦ࡊ࡛ࡒ ࡀࡡࣂ࣭ࣚࢤ ࢹវུ ᛮࢅࣆ࣭ࣞ ࢦ࢕ࢹ࣒ࢹࣛѸࢅ⏕࡙࠷ PI༟᯹
Ⰵ࡞ࡻ࡙ࡖ びᐳࡊࡒࠊPIࡢDNA ࡛々 మྙࢅᙟᠺࡌࡾ࡛ࡆ ⺧࡚කࢅⓆࡌࡾ࠿ࠉほ⣵⬂࡞ࡡࡲPI
࠿ථࡽ㎰ࡳ࡛ࡆ ࠿ྊ⬗࡝ࡒࡴࠉPI 㝟ᛮࡡ⣵⬂ࢅ᳠ ฝࡌࡾ࡛ࡆ ࡚ࠉほ⣵⬂ࡡ๪ྙ ࢅῼᏽ࡚ ࡀࡾࠊ
ࡐࡡ⤎ᯕࠉ㔕⏍ᰬ ࡢ࡚࡮࡛ ࢆ࡜ほ⣵⬂࠿⑵ຊࡊ࡝࠷᮪௲ୖ ࡵ࡚ࠉSOD2Ⓠ⌟ೳでᚃࠉSOD2᮪௲
◒ቪᰬ࡚ ࡢࣂ࣭ࣚࢤ ࢹฌ⌦࡞ࡻ࡙ࡖ ⤊᫤Ⓩ࡞ほ⣵⬂ࡡ๪ྙ ࠿㢟ⴥ࡞⑵ຊ࡙ࡊ ࠷ᵕࡂ Ꮔ࠿びᐳࡈ
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4.2.2  ࡐࡡ௙ROS࡞ᑊࡌࡾវུ ᛮ 
 ௙⛸ࡡSOD2 -/-⣵⬂ࡡ㐛㓗໩ラ⣪࡝࡜ࠉSOD2࠿ࡐࡡ㝎ཡ࡞㛭୙ࡊ࡝࠷ROS࡞ᑊࡌࡾࡡវུ ᛮ
ࡢሒ࿈࡞ࡻ࡙ࡖ ␏࡝ࡾࠊࡐ࡚ࡆ ࠉDT40⣵⬂࡚ ࡢវུ ᛮࢅ♟ࡌ᳠࠾ ゞࡌࡾࡒࡴ࡞ࠉSOD2࠿├᥃
㝎ཡ࡞㛭୙ࡊ࡝࠷ROSࢅⓆ⏍ࡈࡎࡾࠉ㐛㓗໩ラ⣪ࠉࢭ࢛ࣤࢨ ࠉ࢙ࢹ࣎ࢨࢺ࡚ ฌ⌦ࡊࡒ㝷ࡡほ⣵
⬂ࡡ⑵ຊࢅ4.2.1 ⇆࡛ᵕ ࡞PI༟᯹Ⰵ࡞ࡻࡾࣆ࣭ࣞ ࢦ࢕ࢹ࣒ࢹࣛѸ࡚ びᐳࡊࡒࠊ 
 ࡐࡡ⤎ᯕࠉࣂ࣭ࣚࢤ ࢹ࡛ ࡢ␏࡝ࡽࠉ㐛㓗໩ラ⣪ࠉࣃࢺࣞ࢞ࢨࣚࢩ࢜ࣜࢅⓆ⏍ࡈࡎࡾࢭ࢛ࣤࢨ ࡷࠉ
ࢹ࣎࢕ࢮ࣒࣭ࣚ ࢭ ϩ㜴ᐐ๠࡚ ࠵ࡾ࡛ භ࡞ ROS ࢅⓆ⏍ࡈࡎࡾ࢙ࢹ࣎ࢨࢺ࡞ᑊࡌࡾវུ ᛮࡢࢺ࢞









Fig. 4-5 SOD2ᯜῤ᫤ࡡ྘ROSⓆ⏍ムⷾវུᛮ 
 SOD2᮪௲◒ቪᰬࢅࢺ࢞ࢨࢦ࢕ࢠࣛ (ࣤ20 ng/mL)Ꮛᅹୖ࡚5 ᪝㛣ᇰ㣬ࡊࡒᚃࠉࣂࣚࢤѸࢹ(200 ȣM) ࡚24 ᫤㛣ࠉ㐛㓗໩ラ⣪
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➠3⟿ ࣂࣚࢤѸࢹវུᛮ⑵ኬࡡⅴᅄ 
4.3.1࢓࣎ࢹ࣭ ࢨ࡛ࢪ ࢛࣭ ࢹࣆ࢒࣭ࢩ ࡡ᳠ ฝ 
 SOD2᮪௲◒ቪᰬ ࠿ࣂ࣭ࣚࢤ ࢹ࡞ᑊ࡙ࡊ 㧏࠷វུ ᛮࢅ♟ࡌⅴᅄࢅゆᯊࡌࡾࡒࡴ࡞ࠉ4.2.1 ⇆࡛ᵕ
ࡡ᮪௲࡚ ⣵⬂ほࡡ1⛸࡚ ࠵ࡾ࢓࣎ࢹ࣭ ࢨࢪࡷ࢛࣭ ࢹࣆ࢒࣭ࢩ ࡡ᳠ ฝࢅ⾔ࡖࡒࠊ࢓࣎ࢹѸࢨࢪࡡᣞ
ᵾ࡛ ࡙ࡊ ࡢᰶࠉ ⭯⿤ᡬࡔࢰࣤ ࣂࢠ㈹ࡡLaminB1ࡡฦゆࠉࢽࢠ࢛ࣝࢮѸ࣑༟న࡚ ࡡDNAࡡ᩷ ∞໩ 
(DNA Ladder) ิࠉ ᭿࢓࣎ࢹ࣭ ࢨࢪࡡᣞᵾ࡚ ࠵ࡾAnnexin Ϭ࡛ PI࡞ࡻࡾ2ḗඔࣆ࣭ࣞ ࢦ࢕ࢹ࣒ࢹ
࣭ࣛ ࢅ⏕࠷ࠉ࢛࣭ ࢹࣆ࢒࣭ࢩ ࡡᣞᵾ࡛ ࡙ࡊ ࡢLC-3ࡡ⑵ຊࢅ⏕࠷ࡒࠊ 
 ࡐࡡ⤎ᯕࠉࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟࡙ࡊ 5᪝㛣ᇰ㣬ࡊࡒSOD2᮪௲◒ቪᰬ ࡢ࡚ࠉࣂ࣭ࣚࢤ ࢹ࡞
ࡻ࡙ࡖ ࠉLaminB1ࡡฦゆࡷࢽࢠ࢛ࣝࢮѸ࣑༟న࡚ ࡡDNA ࡡ᩷ ∞໩࠿びᐳࡈࡿࠉ࢓࣎ࢹ࣭ ࢨࢪ࠿

























Fig. 4-6 ࢓࣎ࢹ࣭ࢨࢪ࡛࢛࣭ࢹࣆ࢒ࢩ࣭ࡡ᳠ฝ (1) 




















Fig. 4-6 ࢓࣎ࢹ࣭ࢨࢪ࡛࢛࣭ࢹࣆ࢒ࢩ࣭ࡡ᳠ฝ (2) 
 (A) 㔕⏍ᰬ࠽ࡻࡦSOD2᮪௲◒ቪᰬࢅࢺ࢞ࢨࢦ࢕ࢠࣛ (ࣤ20 ng/mL)Ꮛᅹୖ࡚5 ᪝㛣ᇰ㣬ࡊࡒᚃࠉࣂࣚࢤѸࢹ(200 ȣM) ࡚
24 ᫤㛣ฌ⌦ࡊࡒࠊ⣵⬂ࢅᅂ཭ᚃࠉࣆ࣭ࣞࢦ࢕ࢹ࣒ࢹ࣭ࣛ࡞ࡻࡖ࡙late apoptosis⣵⬂ࢅ᳠ฝࡊࡒࠊ 
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4.3.2 ࣂ࣭ࣚࢤ ࢹฌ⌦ࡡ⣵⬂࿔᭿࡫ࡡᙫ㡢 
 ḗ࡞ࠉࣂ࣭ࣚࢤ ࢹ࡞ࡻ࡙ࡖ ㄇⓆࡈࡿࡾ࢓࣎ࢹ࣭ ࢨࢪ࠿⣵⬂࿔᭿≁␏Ⓩ࡞Ⓠ⏍ࡌࡾࡡ᳠࠾ ゞࡌࡾ
ࡒࡴ࡞ࠉࣂ࣭ࣚࢤ ࢹࢅฌ⌦ࡊࡒ㝷ࡡ⣵⬂࿔᭿ࡡን໩ࢅCycle TESTTMPLUS DNA Reagent Kitࢅ⏕
࡙࠷ ᳠ゞ ࡊࡒࠊ 
 ࡐࡡ⤎ᯕࠉDOXฌ⌦⣵⬂ࡢࣂ࣭ࣚࢤ ࢹฌ⌦ࡌࡾ࡛ࡆ ࡚ࠉS ᭿࡛ G2/M᭿ࡡ⣵⬂⩄࠿㝎ࠍ΅࡞
ᑛࡊ╂ࡴࠉ24 hrᚃ࡞ࡢS᭿࡛ G2/M᭿࡞࠷ࡾ⣵⬂⩄ࡢ࡮࡯࡝ࡂ࡝ࡖࡒࠊ௥ࢂࡽ࡞ࠉほ⣵⬂ࢅ♟
ࡌsub G1᭿ࡡ⣵⬂⩄࠿⑵ຊࡊࠉS᭿࡛ G2/M᭿ࡡ⣵⬂࡮࡯≁␏Ⓩ࡞ࣂ࣭ࣚࢤ ࢹฌ⌦࡞ࡻ࡙ࡖ ࢓
࣎ࢹ࣭ ࢨࢪ࠿㉫ࡆ࡙ࡖ ࠷ࡾ࡛ࡆ ࠿ฦ࠾ࡖࡒ(Fig. 4-7)ࠊ 
 
Fig. 4-7 ࣂࣚࢤ࣭ࢹฌ⌦࡞ࡻࡾ⣵⬂࿔᭿࡫ࡡᙫ㡢 
 SOD2 Ⓠ⌟ୖ࡛ᯜῤୖ࡚ࠉSOD2 ᮪௲◒ቪᰬ࡞ࣂࣚࢤѸࢹ(200 ȣM) ࢅᅒ࡞♟ࡊࡒ᫤㛣ฌ⌦ࡊࡒࠊ⣵⬂ࢅᅂ཭ࡊࠉCycle 





                                 30                                   
➠4⟿ DNAഭᐐ๠࡞ᑊࡌࡾវུᛮ 
4.4.1  DNAഭᐐ๠࡞ᑊࡌࡾវུ ᛮ 
 ḗ࡞ࠉSOD2ࡡᾐ኶࡞ࡻ࡙ࡖ ㉫ࡆࡾ࡛ ஢ῼࡈࡿࡾ㐛ᗐࡡ㓗໩ࢪࢹࣝࢪ࠿ࢣࢿ࣑Ꮽᏽᛮ࡞ᙫ㡢ࢅ
୙࠻ࡾ᳠࠾ ゞࡌࡾࡒࡴ࡞ࠉDNA ഭᐐ๠࠽ࡻࡦࠉ⣰አ⥲偆UV假࡞ᑊࡌࡾវུ ᛮࢅびᐳࡊࡒࠊ౐
⏕ࡊⷾࡒ ๠ࡢࠉDNA࢓ࣜ࢞ࣜ໩๠࡚ ࠉDSBsࢅㄇⓆࡌࡾ࡛ ࡈࡿ࡙ ࠷ࡾMMSࠉUV࡞㎾࠷ഭᐐࢅ
DNA࡞୙࠻ࡾ࡛ ࠷ࢂࡿ࡙ ࠷ࡾ4-NQO ࡚ࠉDNAഭᐐ๠࡞ࡗ࡙࠷ ࡢⷾ ๠ྱ ࣒᭯ࢲࣜࢬ࣭ࣜࣞ ࢪᇰ
ᆀ࡚ ᇰ㣬ᚃࠉ⏍࡙࠻ ࡀࡒࢤࣞࢼ࣭ ᩐࢅῼᏽࡊࡒࠊUVࡡሔྙ ࡢᇰᆀ࡞ⵏࡂ๑࡞↯ᑏࡊࡒࠊࡐࡡ⤎
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4.4.2 ╀┶᯹Ⰵฦమ㛣ஹᥦ (SCE) ࡡῼᏽ 
 ᙔ◂✪ᐄࡷ௙ࡡ◂✪ࢡ࣭ࣜ ࣈࡡሒ࿈ࡻࡽࠉSCEࡢ┞⇆⤄ᥦᶭ࠻  ᵋ (HRR) ࡞ࡻ࡙ࡖ ᙟᠺࡈࡿࠉ
╀┶᯹Ⰵฦమ㛣ࡡcross over typeࡡHRR࡞ࡻࡽᙟᠺࡈࡿࡾ࡛ࡆ ࠿♟ࡈࡿ࡙ ࠽ࡽࠉDNA᥾ഭ࡞ࡻ
࡙ࡖ ࡐࡡ㢎ᗐ࠿ஸ㐅ࡌࡾࠊࡆࡡSCE㢎ᗐࢅᣞᵾ࡞ࠉSOD2ࡡᾐ኶࡞ࡻ࡙ࡖ ㉫ࡆࡾ࡛ ஢ῼࡈࡿࡾ
㐛ᗐࡡ㓗໩ࢪࢹࣝࢪ࠿ࢣࢿ࣑DNA࡞᥾ഭࢅ୙࠻ࡾ࠾࡜࠹࠾ࢅ᳠ ゞࡊࡒࠊࡐࡡ⤎ᯕࠉࢺ࢞ࢨࢦ࢕
ࢠࣛࣤ ຊ῟5᪝┘ࡡSOD2᮪௲◒ቪᰬ ࡵ࡚ࠉ㔕⏍ᰬ ࡮࡛࡯⇆⛤ᗐࡡSCE㢎ᗐࡊ࠾びᐳࡈࡿ࡝࠾
ࡖࡒ࡛ࡆ ࠾ࡼࠉSOD2ࡡᾐ኶࡞ࡻ࡙ࡖ ᑛ࡝࡛ࡂ ࡵSCE ࡚᳠ ฝྊ⬗࡝ࢣࢿ࣑DNAࡡ᥾ഭ࠿㉫ࡆ
࡙ࡖ ࠷࡝࠷࡛ࡆ ࠿♟ြࡈࡿࡒ(Fig. 4-9)ࠊ 
  
 
Fig. 4-9 ⮤ⓆⓏ࡝╀┶᯹Ⰵฦమஹᥦ㢎ᗐ 
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4.4.3  DNA ᠺྙ㜴ᐐ๠࡞ᑊࡌࡾវུ ᛮ 
 ฝⰾ㓕ザ࡞࠽࡙࠷ ࠉsod1◒ቪᰬ ࡢࠉDNA ᠺྙ㜴ᐐ๠࡚ ࠵ࡾhydroxy urea࡞ᑊ࡙ࡊ 㢟ⴥ࡝វུ
ᛮࢅ♟ࡌ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾ(Carter et al.. 2005)ࠊࡐ࡚ࡆ ࠉ㓗໩ࢪࢹࣝࢪ࠿DNA ⿿々ࠉDNA௥ㅨ
࡞㛭୙࡙ࡊ ࠷ࡾྊ⬗ᛮࢅ⩻࠻ࠉDNA ᠺྙ㜴ᐐ๠࡚ ࠵ࡾhydroxy urea࠽ࡻࡦaphidicoline࡞ᑊࡌࡾ
វུ ᛮࢅㄢ࡬ࡒࠊ஢᝷አ࡝࡛ࡆ ࡞ࠉSOD2ࡡᾐ኶࡞ࡻ࡙ࡖ ࠉHU࠽ࡻࡦaphidicoline࡞ᑊ࡙ࡊ ⪇ᛮ
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Fig. 4-10 SOD2ᯜῤ᫤ࡡⷾ๠វུᛮ 
 ⣵⬂ࢅ HU ࠵ࡾ࠷ࡢ Aphidicoline ࡚ᅒ࡞♟ࡊࡒ᫤㛣ฌ⌦ࡊࡒᚃࠉⷾ๠ࢅὑὯࡊࠉ⣵⬂ࢅ
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➠5⟿ ⣵⬂࿔᭿ࡡ㐅⾔ 
4.5.1  ⣵⬂࿔᭿ฦᕱࡡን໩ 
 SOD2ࡡⓆ⌟ೳで࡞ࡻ࡙ࡖ ࠉ⣵⬂⑵る⬗࠿఩ୖ ࡌࡾ࡛ࡆ ࠿᪺ࡼ࡛࠾ ࡝ࡖࡒࠊࡐ࡚ࡆ ࠉࡆࡡ⣵⬂
⑵る⬗఩ୖ ࡡⅴᅄࢅ᥀ࡾࡒࡴ࡞ࠉSOD2ᯜῤᚃ࡛ ᯜῤ๑࡚ ⣵⬂࿔᭿ࡡฦᕱࢅセ㍉᳠ ゞࡊࡒࠊᑊᩐ
⑵る᭿࡞࠵ࡾ⣵⬂ࢅBrdU (bromodeoxyuridine) ࡡྱ ᇰ᭯ᆀ࡚ 10 ฦᇰ㣬ࡊࠉࡐࡡᚃBrdU Flow Kit
࡙࡞ ⿼ᰶ ໩ࡊࠉBrdUࡡཱི ࡽ㎰ࡲ㔖࡛ DNA 㔖ྱࢅflow cytometry࡞ࡻࡽῼᏽࡌࡾ࡛ࡆ ྘࡚⣵⬂࿔








Fig. 4-11 細胞周期分布 
 各細胞BrdUの取り込み量とDNA含有量をフローサ
イトメトリーで測定した。 
                                 34                                   






















Fig. 4-12  SOD2ᯜῤ᫤ࡡ⣵⬂࿔᭿ࡡ㐔ᘇ (1) 
 ⣵⬂ࢅG1᭿࡞⇆ㄢᚃⷾࠉ ๠ࢅὑὯࡊ࡙㝎ࡀࠉ⣵⬂࿔᭿ࢅ㐅⾔ࡈࡎࡒࠊ2 ᫤㛣ࡇ࡛࡞⣵⬂ࢅᅂ཭ࡊࠉCycle TESTTMPLUS DNA 
Reagent Kitࢅ⏕࠷ࡒࣆ࣭ࣞࢦ࢕ࢹ࣒ࢹ࣭࡚ࣛῼᏽࡊࡒࠊ
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 ࡊ࠾ࡊ࡝࠿ࡼࠉnocodazol-mimosine block ࡢ࡚Ᏸධ࡞G1᭿࡞⇆ㄢࡈࡎࡾ࡛ࡆ ࠿࡚ ࡀࡍࠉࡆࡡ⤎
ᯕࡡಘ㢏ᛮࡢ఩࡛࠷ ⩻࠻ࡼࡿࡒࠊࡊ࠾ࡊࠉࡆࡿ௧୕㛏᭿㛣mimosineࢅฌ⌦ࡌࡾ࡛ ほ⣵⬂࠿ኣࡂ
࡝ࡾ࡛ࡆ ࠿஢᝷ࡈࡿࡒࠊࡐ࡚ࡆ ࠉnocodazol ༟≺࡚ ⣵⬂ࢅ G2/M ᭿࡞⇆ㄢࡊࠉࡐࡡᚃᇰᆀ࠾ࡼ








Fig. 4-14  SOD2ᯜῤ᫤ࡡ⣵⬂࿔᭿ࡡ㐔ᘇ (2) 
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4.6.3 DNA ⿿々ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹᶭ  ᵋ
 DNA ⿿々ᶭ ᵋ࡞రࡼ࠾ࡡ㝸ᐐ࠿⏍ࡋࡒሔྙ ࠉDNA ⿿々ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹ࠿Ὡᛮ໩ࡌࡾࠊࡆ
ࡡᶭ ࡢᵋࠉձ DNAಞᚗ࡝࡜࡞ᚪこ࡝᫤㛣ࡓࡄDNA ⿿々ࢅೳでࡈࡎࡾࠊղ ࡵࡊࡐࡿ࠿୘ྊ⬗
࡝ሔྙ ࡢ࢓࣎ࢹ࣭ ࢨࢪࢅㄇᑙࡌࡾ࡛ࡆ ࡞ࡻ࡙ࡖ ࢣࢿ࣑Ꮽᏽᛮࡡ⥌ᣚ࡞㛭୙࡙ࡊ ࠷ࡾࠊ 
 SOD2ᯜῤ᫤࡞㉫ࡆࡾS᭿ࡡ㐅⾔ࡡ㐔ᘇ࠿ࠉDNA ⿿々ᶭ ᵋ࡞రࡼ࠾ࡡ㝸ᐐ࠿㉫ࡆࡽࠉDNA々
⿿ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹ࠿Ὡᛮ໩ࡈࡿࡒ⤎ᯕ࡚ ࠵ࡾྊ⬗ᛮࢅ⩻࠻ࠉDNA ⿿々ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹᅄᏄ
ࡡୌ࡚ࡗ ࠵ࡾࠉChk-1ࡡὩᛮ໩(Ser 345ࡡࣛࣤ 㓗໩)ࢅSOD2ᯜῤ᫤᳠࡞ ฝࡊࡒࠊࡐࡡ⤎ᯕࠉSOD2
࠿ᯜῤ࡙ࡊ ࡵࠉChk-1ࡡὩᛮ໩ࡢධ᳠ࡂ ฝࡈࡿࡍ(over expose࡙ࡊ ࡵ࡮࡛ ࢆ࡜ን໩ࡢ᳠ ฝࡈࡿ࡝࠾








Fig. 4-14 Chk-1ࡡࣛࣤ㓗໩ࡡ᳠ฝ 
 SOD2᮪௲◒ቪᰬ࡞ࢺ࢞ࢨࢦ࢕ࢠࣛࣤࢅ῟ຊᚃࠉ1࠾ࡼ5᪝┘ࡡ⣵⬂ࢅᅂ཭ࡊࠉSDS-PAGE࡚ࢰࣤࣂࢠ㈹ࢅᒈ㛜ᚃࠉࣃࢹࣛ
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4.6.4 DNA ⿿々ࣆ࢚࣭ ࢠࡡ㐅⾔㏷ᗐ 
 SOD2ᯜῤ᫤࡞㉫ࡆࡾS᭿㐅⾔ࡡ㐔ᘇࡡⅴᅄ࡛ ࡙ࡊ ࠉࡵ࠹ୌࡗ⩻࠻ࡼࡿࡾࡡ࠿DNA ⿿々ࣆ࢚
࣭ࢠࡡ㐅⾔㏷ᗐࡡ఩ୖ ࡚࠵ࡾ々ࠊ ⿿ࣆ࢚࣭ ࢠࡡᏭᏽᛮ࠿఩ୖ ࡌࡾ࡛ 々ࠉ ⿿ࣆ࢚࣭ ࢠࡡ㐅⾔㏷ᗐࡡ
఩ୖ ࠿㉫ࡀࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾࠊ 
 ࡐ࡚ࡆ 々ࠉ ⿿ࣆ࢚࣭ ࢠࡡ㐅⾔㏷ᗐࢅῼᏽࡌࡾࡒࡴ࡞ࠉDNA fiber assayࢅ⾔ࡖࡒࠊ(ࡆࡡassayࡢࠉ
ᙔ◂✪ᐄ ⚽⏛࡞ࡻࡽ⾔ࢂࡿࡒࠊ) ࡱࡍࠉᵾㆉሲᇱ࡛ ࡝ࡾCldUࠉIdUࢅࡐࡿࡑࡿ▯᫤㛣ࡍࡗDNA
ཱི࡞ ࡽ㎰ࡱࡎࠉDNAࢅࢪࣚ࢕ࢺ࢝ࣚࢪ୕࡚ ఘ㛏ࡈࡎࡒᚃࠉࡐࡿࡑࡿࡡᵾㆉሲᇱᢘమ࡚ ඞ␷᯹Ⰵ
ࡊࠉCldUࠉIdU࠿ཱི ࡽ㎰ࡱࡿࡒDNAࡡ㛏ࡈࢅῼᏽࡊࡒࠊࡐࡡ⤎ᯕࠉ㔕⏍ᰬ セ࡛㍉࡙ࡊ ࠉSOD2
᮪௲◒ቪᰬ ࡢSOD2ᯜῤ๑࡚ ࡵ々 ⿿ࣆ࢚࣭ ࢠࡡ㐅⾔㏷ᗐࡡ఩ୖ ࠿びᐳࡈࡿࡒ࠿ࠉSOD2ᯜῤᚃ࡛
ࡡᕣࡢࡐࡿ࡮࡜びᐳࡈࡿࡍ々ࠉ ⿿ࣆ࢚࣭ ࢠࡡ㐅⾔㏷ᗐࡡ఩ୖ ࠿SOD2ᯜῤ᫤࡞㉫ࡆࡾS᭿㐅⾔


























1.77 ± 0.79 
1.47 ± 0.80 
1.31 ± 0.52 
0.62 ± 0.21  
0.48 ± 0.19 
0.46 ± 0.26 
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➠ 5❮ ⩻ᐳ 
 Ὡᛮ㓗⣪⛸ (ROS) ࡛ࠉࡐࡿࢅᾐཡࡌࡾᢘ㓗໩㓕⣪ࡢ⩹໩ࠉ♼⤊⑄ᝀࡷ⒬ࠉ⏍Ὡ⩞ៈ⑋ࡡⓆ⑍
࡝࡜ࠉኣ⛸ኣᵕ ࡝⌟㇗࡞㛭୙ࡌࡾ࡛ࡆ ࠿ฦ࠾ࡽࠉROSࡷᢘ㓗໩㓕⣪ࡡ⣵⬂හ࡞࠽ࡄࡾᙲ๪࠿㝎ࠍ
࡞᪺ࡼ࠾࡞࡝ࡽࡗࡗ࠵ࡾࠊࡆࡡࡻ࠹࡝≟Ἓࡡ࡝࡚࠾ ࠉᙔ◂✪ᐄ࡚ ⢥ງⓏ࡞◂✪࠿㐅ࡴࡼࡿ࡙ ࠷ࡾ
RecQ ࣉࣛ࢜Ѹࢭࡡฝⰾ㓕ザ࣓࣌ࣞࢡ࡚ ࠵ࡾSgs1࡛Sod1ࡡ㐿ఎᏄ஦㔔◒ቪᰬ ࠿ྙ ᠺ⮬ほ࡞࡝ࡾ
࡛ࡆ ࠿᪺ࡼ࡛࠾ ࡝ࡖࡒ(Tong et al., 2001)ࠊࡐ࡚ࡆ ᙔ◂✪ᐄ࡚ ࡢࠉᢘ㓗໩㓕⣪ࡡࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ
ࡷ⣵⬂࿔᭿㐅⾔࡫ࡡᐞ୙ࢅゆᯊࡌࡾࣈࣞࢩ࢘ࢠࢹ࠿Ⓠ㊂ࡊࠉࡆࡡࣈࣞࢩ࢘ࢠࢹࡡୌ❻࡛ ࡙ࡊ ࠉᮇ
◂✪࡚ ࡢDT40 SOD2᮪௲◒ቪᰬ ࢅష⿿ࡊࠉᢘ㓗໩㓕⣪SOD2Ḗ᥾᫤࡞Ⓠ⏍ࡌࡾ㓗໩ࢪࢹࣝࢪ࠿
ࢣࢿ࣑Ꮽᏽᛮ࠽ࡻࡦ⣵⬂࿔᭿ࡡ㐅⾔࡞࡜ࡡࡻ࠹࡝ᙫ㡢ࢅ୙࠻ࡾࡡ࠾ࠉゆᯊࢅ⾔ࡖࡒࠊᮇ◂✪࡚ ࡢ
SOD2᮪௲◒ቪᰬ ࢅ⏕࡙࠷ ࠉSOD2ࡡᯜῤ࠿⣵⬂࿔᭿ࡡ㐅⾔ࡷ࢓࣎ࢹ࣭ ࢨࢪ➴࡞ᙫ㡢ࢅ୙࠻ࡾࡆ
ࢅ࡛♟ࡌ⤎ᯕࢅᚋࡾ࡛ࡆ ࠿࡚ ࡀࡒࠊᮇ❮࡚ ࡢࠉࡆࡿࡼࡡ⤎ᯕࢅ୯ᚨ࡞⩻ᐳࡌࡾࠊ 
 
SOD2ࡡⓆ⌟ೳで࡞ࡻࡖ࡙⤊᫤Ⓩ࡞⾪⌟ᆵ࠿㢟ⴥ࡞࡝ࡾ 
 SOD2᮪௲◒ቪᰬ ࡡᇰ㣬⣌࡞ࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ࢅ῟ ຊ࡙ࡊ SOD2ࡡⓆ⌟ࢅೳでࡈࡎࡾ࡛ ࠉ⣵⬂
⑵る⬗ࡢ⤊᫤Ⓩ࡞఩ୖ ࡊࡒ(Fig. 4-2)ࠊࡱࡒࠉࢺ࢞ࢨࢦ࢕ࢠࣛࣤ Ꮛᅹୖ ࡚1᪝࠾ࡼ5᪝㛣ᇰ㣬ࡊࡒ
⣵⬂ࡡ࣒ࢲࣜࢬ࣭ࣜࣞ ࢪᇰᆀ࡞࠽ࡄࡾࢤࣞࢼ࣭ ᙟᠺ⋙ࢅ゛ ῼࡊࡒ⤎ᯕࠉࢤࣞࢼ࣭ ᙟᠺ⋙ࡡ⤊᫤Ⓩ
࡝఩ୖ ࠿びᐳࡈࡿࡒ(Fig. 4-3)ࠊࡊ࠾ࡊ࡝࠿ࡼࠉ⮬ほ࠵ࡾ࠷ࡢ⣵⬂⑵るࡡᏰධ࡝ೳで࡛ ࠷ࡖࡒࠉSod2
ࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ⏜ᮮ⣵⬂࡚ びᐳࡈࡿࡾ⾪⌟ᆵ࡛ セ㍉ࡌࡾ࡛ ࠉSOD2᮪௲◒ቪᰬ ࡡ⾪⌟ᆵࡢ஢
᝷አ࡞ᘽ࠷ࡵࡡ࡚ ࠵ࡖࡒࠊSOD2ࡡⓆ⌟㔖ࡢ⤄⧂㛣࡚ ኬࡀ࡝ᕣ࠿࠵ࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾ࠿ࠉࢼ
࣠ࢹࣛࡡ୹こ࡝⤄⧂⏜ᮮࡡ⣵⬂ࡡ SOD2Ⓠ⌟㔖ࢅセ㍉ࡊࡒሔྙ ࠉࣛࣤ ࣂ⌣ࡡⓆ⌟㔖ࡢ࡮࡯ᖲᆍ
Ⓩ࡚ ࠵ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠽ࡽ(Kong et al., 2003)ࠉB⣵⬂⏜ᮮ࡚ ࠵ࡾDT40⣵⬂ࡵRT-PCRࡡ⤎
ᯕ࠾ࡼࠉSOD2ࡡⓆ⌟㔖࠿఩࡛࠷ ࠷࠹࡛ࡆ ࡢ⩻࠻࡞ࡂ࠷ࠊࡊࡒ࠿࡙ࡖ ࠉDT40⣵⬂࡚ ࡢSOD2࠿
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࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࡡ㝎ཡ࡞୘ᚪこ࡚ ࠵ࡾ࡛ ࠷࠹ྊ⬗ᛮࡢ఩࠷ࠊࡳࡊࢀࠉSod2 ࢿࢴࢠ࢓ࢗࢹ࣏ࢗ
ࢪ⏜ᮮࡡ♼⤊⣵⬂ࡢ㏳ᖏࡡᇰ㣬᮪௲࡚ ࡢ⮬ほࡓ࠿ࠉ఩㓗⣪ୖ ࡢ࡚⏍Ꮛྊ⬗࡚ ࠵ࡾ࡛ ࠷࠹ሒ࿈ࡷࠉ
Sod2 ࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪ㛣࡚ ࡵࠉ㐿ఎⓏ⫴ᬊ࡞ࡻ࡙ࡖ ᖲᆍᑋ࿤࡞ኬࡀ࡝ᕣ࠿びᐳࡈࡿࡾ࡛ࡆ ࠾
ࡼࠉ⎌⑧Ⓩࠉ㐿ఎⓏ࡝こᅄ࠿ኬࡀ࡛࠷ ⩻࠻ࡼࡿࡾࠊᇰ㣬⣵⬂ࡢ㓗⣪ฦᅸ20 %ࡡ᮪௲࡚ ࠵ࡽࠉమ
හ࡚ ࡢ1ࠤ 2 %ࡡ㓗⣪⃨ ᗐ࡛ ⩻࠻ࡼࡿࡾ࡛ࡆ ࠾ࡼࠉ㓗⣪⃨ ᗐ࠿ኬࡀࡂᙫ㡢ࡌࡾྊ⬗ᛮ࠿࠵ࡾࠊࡱ
ࡒࠉࢿࢴࢠ࢓ࢗࢹ࣏ࢗࢪࡡ⾪⌟ᆵࡢ୹࡞࣐ࢹࣤࢤ ࢺࣛ࢓ࡡᶭ ⬗࠿ኬࡀ࡝ᙲ๪ࢅᯕࡒࡌ⤄⧂࡞౪Ꮛ
࡙ࡊ ࠷ࡾྊ⬗ᛮ࠿㧏࡛࠷ ⩻࠻ࡼࡿࡾࠊ 
 
SOD2ࡢ࢓࣎ࢹ࣭ࢨࢪᢒโᶭᵋ࡞├᥃㛭୙ࡊ࡙࠷ࡾࢂࡄ࡚ࡢ࡝࠷ 
 DT40ࡡ࣐ࢹࣤࢤ ࢺࣛ࢓ᑻᅹᆵࢲ࢛ࣝࢺ࢞ࣤࢨ ࠉTRX2ࡡDT40᮪௲◒ቪᰬ ࡡゆᯊ࡞ࡻࡾ࡛ ࠉ
TRX2ࡢࡐࡡᢘ㓗໩ష⏕࡛ ࡢื ࡞ࠉᢘ࢓࣎ࢹ࣭ ࢨࢪష⏕ࢅ᭯ ࡌࡾBcl-xl࡝࡜ࢅ௒ࡊࠉ࢓࣎ࢹ࣭ ࢨ
ࢪࢅᢒโࡌࡾᶭ ⬗ࢅ᭯ ࡌࡾ࡛ࡆ ࠿♟ြࡈࡿࡒ(TRX2ࡢMAPKKࡡ1 ⛸࡚ ࠵ࡾASK-1( apoptosis 
signal-regulating kinase-1)࡛ ⤎ྙ ࡊࠉࡐࡡᶭ ⬗ࢅᢒโ࡙ࡊ ࠷ࡾ࡛ ࠷࠹ሒ࿈࠿࠵ࡾ) (Tanaka et al. 2002ࠉ
Wang et al., 2006)࡚ࠊ ࡢ⇆ᵕ ࡞࣐ࢹࣤࢤ ࢺࣛ࢓࡚ ⬗ᶭࡌࡾᢘ㓗໩㓕⣪࡚ ࠵ࡾSOD2ࡵࠉTRX2ࡡ
ࡻ࠹࡝ᢘ࢓࣎ࢹ࣭ ࢨࢪష⏕࠿࠵ࡾࡡࡓࢀ࠹࠾ࠊ 
 SOD2Ⓠ⌟ೳで├ᚃࡢࠉ⣵⬂⑵る⬗࠽ࡻࡦࣂ࣭ࣚࢤ ࢹវུ ᛮ࡞࡮࡛ ࢆ࡜ን໩ࡢびᐳࡈࡿࡍࠉᩐ
᪝࠾࡙ࡄ ⾪⌟ᆵ࠿ᚆࠍ࡞㢟ⴥ࡞࡝ࡖࡒ࡛ࡆ ࠉSOD2ࡢࣂ࣭ࣚࢤ ࢹ࡞ࡻ࡙ࡖ ㄇᑙࡈࡿࡾ࢓࣎ࢹ࣭ ࢨ
ࢪࡢᢒโࡌࡾࡵࡡࡡ(Fig. 4-4ࠉ4-5)ࠉH2O2ࡷDNAഭᐐ๠࡚ ࠵ࡾ࢙ࢹ࣎ࢨࢺ࡞ࡻ࡙ࡖ ㄇᑙࡈࡿࡾ࢓
࣎ࢹ࣭ ࢨࢪࡢᢒโࡊ࡝࠾ࡖࡒ࡛ࡆ ࠾ࡼ(Fig. 4-5)ࠉSOD2࠿TRX2ࡡࡻ࠹࡞ࠉᢘ㓗໩ష⏕࡛ ื࡞࢓
࣎ࢹ࣭ ࢨࢪࢅᢒโࡌࡾᶭ ⬗ࢅ᭯ ࡌࡾྊ⬗ᛮࡢᮇ◂✪ࡡ⤎ᯕ࠾ࡼࠉ఩࡛࠷ ⩻࠻ࡼࡿࡾࠊࡊ࠾ࡊ࡝࠿
ࡼSOD2࠿ࢨࢹࢠ࣑ࣞ cࡡ࣐ࢹࣤࢤ ࢺࣛ࢓࠾ࡼࡡᨲฝࢅᢒโࡌࡾ(Fujimura et al., 1999)࡝࡜ࠉ࢓࣎
ࢹ࣭ ࢨࢪ࡞ᑊࡊࠉᢒโⓏᶭ࡞ ⬗ࡌࡾ࡛ ࠷ࡖࡒሒ࿈ࡵᏋᅹࡌࡾ࡛ࡆ ࠉᮇ◂✪࡞࠽࡙࠷ SOD2 ᮪௲
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◒ቪᰬ ࡢ࡚hSOD2Ⓠ⌟᫤࡞࠽࡙࠷ ࡵ࢓࣎ࢹ࣭ ࢨࢪ࠿ஸ㐅࡙ࡊ ࠷ࡾ࡛ࡆ  (ࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ↋῟
ຊ࡚ ࡵ SOD2 ᮪௲◒ቪᰬ ࡡ⣵⬂⑵る⬗࠿㔕⏍ᰬ ࡞セ࡬࡙ ఩ୖ ࡙ࡊ ࠷ࡾⅴᅄ࡛ ⩻࠻ࡼࡿࡾࠊࣃࢹ
SOD2 ࢼ࡛࣠ࢹࣛ SOD2ࡢ࣐ࢹࣤࢤ ࢺࣛ࢓⛛⾔ࢨࢡࢻࣜࡡ┞⇆ᛮ࠿఩࠷ࡒࡴ࡞Ᏸධ࡞ࡢ┞⿭ࡊ
ࡀࡿ࡙ ࠷࡝࠷ྊ⬗ᛮ࠿㧏࠷) ࠾ࡼ(Fig. 4-6)ࠉ࣐ࢹࣤࢤ ࢺࣛ࢓හࡡ㐛๨࡝࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺ࠿㛭୙
ࡌࡾ࢓࣎ࢹ࣭ ࢨࢪὩᛮ໩⤊㊨࠿Ꮛᅹࡊࠉࡆࡡ⤊㊨࡞㛭୙࡙ࡊ ࠷ࡾྊ⬗ᛮࡢᤖ࡙ ࡀࡿ࡝࠷ࠊ 
 
SOD2ࡢࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ࡞㢟ⴥ࡝ᙫ㡢ࢅ→࡯ࡈ࡝࠷ 
 SOD2࠿రࡼ࠾ࡡᙟ࡚ ࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ࡞㛭୙࡙ࡊ ࠷ࡾ࠾࡜࠹᳠࠾ ゞࡌࡾࡒࡴ࡞ࠉSOD2᮪௲
◒ቪᰬ ࠾ࡼSOD2ࡡⓆ⌟ࢅೳでᚃ࡞ࠉDNAഭᐐ๠࡞ᑊࡌࡾវུ ᛮࢅびᐳࡊ࡛ࡒ ࡆࢀࠉ㔕⏍ᰬ ࡛
࡮࡯⇆⛤ᗐࡡវུ ᛮࢅ♟ࡊࡒ(Fig. 4-8)ࠊࡱࡒࠉDNAഭᐐࡡᣞᵾ࡛ ࡙ࡊ ࠉDNAን␏ム㥺࡞ࡵ౐⏕
ࡈࡿ࡙ ࠷ࡾ╀┶᯹Ⰵฦమஹᥦࢅࢺ࢞ࢨࢦ࢕ࢠࣛࣤ ຊ῟ᚃ5᪝┘ࡡSOD2᮪௲◒ቪᰬ ࢅ⏕࡙࠷ ῼ
ᏽࡊࡒ⤎ᯕࠉࡐࡡ㢎ᗐࡢ㔕⏍ᰬ ࡮࡛࡯⇆⛤ᗐ ࡚࠵ࡾ࡛ࡆ ࠿ฦ࠾ࡖࡒ(Fig. 4-9)ࠊࡆࡡ⤎ᯕ࠾ࡼࠉ
SOD2ࠉࡱࡒࡢSOD2Ḗ᥾࡞ࡻ࡙ࡖ Ⓠ⏍ࡌࡾ࡛ ⩻࠻ࡼࡿࡾ㓗໩ࢪࢹࣝࢪ࠿ࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ࡞㢟
ⴥ࡝ᙫ㡢ࢅ୙࠻ ࡙࠷ࡾྊ⬗ᛮࡢ఩࡛࠷ ⩻࠻ࡼࡿࡒࠊୌ᪁ࠉᙔ◂✪ᐄࡡ஬୕࡞ࡻ࡙ࡖ ష⿿ࡈࡿࡒ
DT40 SOD1᮪௲◒ቪᰬ ࡢࠉSOD1ࡡⓆ⌟㔖΅ ᑛ࡛ භ࡞SCE㢎ᗐ࠿୕᪴ࡊࠉ᭞࡞Ⓠ⌟࠿ೳでࡌࡾ
࡛᯹Ⰵమ␏ᖏ࠿びᐳࡈࡿࡒ偆஬୕ ᮅⓆ⾪ࢸ࣭ ࢰ假ࠊࡱࡒࠉฝⰾ㓕ザ࡞࠽࡙࠷ ࡵ sod1 ◒ቪᰬ ࡡ
unequal-SCR (sister chromatid recombination) ࠿୕᪴ࡌࡾ࡛ࡆ ࠿᪺ࡼ࠾࡞࡝࡙ࡖ ࠷ࡾ࠿ࠉsod2◒ቪ
ᰬ࡚ ࡢ㔕⏍ᰬ ⇆࡛⛤ᗐࡓࡖࡒ偆㧏⏛༛ㄵ假ࠊ ㏣࡞ࠉSod2ࢿࢴࢠ࢓ࢗࢹ⏜ᮮ⦼⥌ⰾ⣵⬂ (MEF) ࡢ
㢟ⴥ࡝᯹Ⰵమ␏ᖏ࠿⏍࡙ࡋ ࠷ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Samper et al., 2003)࠿ࠉSod1ࢿࢴࢠ࢓ࢗࢹ
࣏࡚ࢗࢪ ࡢࡐࡡࡻ࠹࡝ሒ࿈ࡢ࡝ࡂࠉධమⓏ࡝⾪⌟ᆵࡵ Sod2࡞セ࡬࡙ ᘽ࠷ࠊࡆࡡࡻ࠹࡞ࠉSOD1
࠿ඁనᶭ࡞ ⬗࡙ࡊ ࠷ࡾ⛸࡛ SOD2࠿ඁనᶭ࡞ ⬗࡙ࡊ ࠷ࡾ⛸࠿Ꮛᅹࡌࡾ࡛ ⩻࠻ࡼࡿࡾࠊᮇ◂✪࠽
ࡻࡦࠉDT40 SOD1᮪௲◒ቪᰬ ࡡ⤎ᯕ࠾ࡼDT40⣵⬂࡚ ࡢࠉࢣࢿ࣑Ꮽᏽᛮ⥌ᣚ࡞㛭୙ࡌࡾࡡࡢ୹
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࡞SOD1 ࡚࠵ࡽࠉSOD2ࡡ㈁⊡ᗐࡢセ㍉Ⓩ఩࡛࠷ ⩻࠻ࡼࡿࡾࠊ 
 
SOD2ࡢ⣵⬂࿔᭿ࡡ㐅⾔࡞㛭୙ࡌࡾ 
 SOD2Ⓠ⌟ೳで࡞ࡻࡾ⣵⬂⑵る⬗ࡡ఩ୖ ࡡⅴᅄࢅ᥀ࡾࡒࡴࠉ⣵⬂࿔᭿ࡡฦᕱࢅゆᯊࡊ࡛ࡒ ࡆࢀࠉ
G1᭿ࡡ⣵⬂ᩐ࠿⑵ຊ࡙ࡊ ࠷ࡒ(Fig. 4-11)ࠊ᭞࡞ࠉG1᭿࡞⇆ㄢᚃࠉ⣵⬂࿔᭿ࢅ㐅⾔ࡈࡎ࡛ࡒ ࡆࢀࠉ
G1᭿࠾ࡼS᭿࡫ࡡ㐅⾔࡞㐔ࡿ࠿びᐳࡈࡿࡒ(Fig. 4-12ࠉ4-13)ࠊࡆࡡ⤎ᯕࡢࠉฝⰾ㓕ザ࡞࠽࡙࠷ sod2
◒ቪᰬ ࡡG1᭿࠿ᘇ㛏ࡈࡿࡾ࡛ࡆ ࠉࡱࡒࠉHeLa⣵⬂࡞࠽࡙࠷ ࠉ⣵⬂࠿⑵るࡊࡒ⤎ᯕ㏳ᖏ࡝ࡼ⑵
る࠿ೳで࡙ࡊ G1᭿࡞⵫✒ࡌࡾࡻ࠹࡝᮪௲࡚ ࡵࠉSOD2ࢅ㐛๨Ⓠ⌟ࡈࡎࡾ࡛ ⣵⬂⑵る⬗ࢅಕࡗࡆ
࠿࡛࡚ ࡀࡾ࡛ ࠷࠹ሒ࿈࡛ ➚ྙ ࡌࡾࡵࡡ࡚ ࠵ࡾ(Sarsour et al,. 2005)ࠊ 
 ࡱࡒࠉSOD2Ⓠ⌟ೳで࡞ࡻ࡙ࡖ S᭿ࡡ㐅⾔⮤మ࡞ࡵ㐔ᘇ࠿びᐳࡈࡿࡒ(Fig. 4-12ࠉ4-13)ࠊࡆࡡ⤎
ᯕ࠾ࡼࠉ 
ձ SOD2Ⓠ⌟ೳで࡞ࡻ࡙ࡖ ⏍ࡋࡒ㓗໩ࢪࢹࣝࢪ࠿DNA࡞SCEࢅ㉫ࡆࡈࡎ࡝࠷ࡻ࠹࡝ഭᐐࢅຊ
࠻ࡒࠉࡱࡒࡢDNA ⿿々࡞ᙫ㡢࠿࠵ࡽࠉDNA ⿿々ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹ࠿Ⓠິ ࡊࡒࠊ 
ղ SOD2Ⓠ⌟ೳで࡞ࡻ࡙ࡖ ⏍ࡋࡒ㓗໩ࢪࢹࣝࢪ࡞ࡻ࡙ࡖ ࠉDNA ⿿々ࡡ㐅⾔㏷ᗐ⮤మ࠿఩ୖ ࡊࡒࠊ 
ճ SOD2 Ⓠ⌟ೳで࡞ࡻ࡙ࡖ ࠉరࡼ࠾ࡡ⌦⏜࡚ ⣵⬂࿔᭿ࢅ㐅⾔ࡈࡎࡾࢦ࢕ࢠࣛࣤ ࡷ CDK (cyclin 
dependent kinase) ࡡ୘Ὡ໩ (ࢦ࢕ࢠࣛࣤ ࡡ1࡚ࡗ ࠵ࡾcyclin D1ࡢ㓗໩ࢪࢹࣝࢪ࡞ࡻ࡙ࡖ Ⓠ⌟㔖࠿
ᑛ΅ࡌࡾ࡛ ⩻࠻ࡼࡿ࡙ ࠷ࡾ)࠿㉫ࡆ࡙ࡖ ࡊࡱ࠷々ࠉ ⿿㛜╂࠿㉫ࡆࡽ࡞ࡂࡂ࡝࡙ࡖ ࠷ࡾࠊ 
 ௧୕ࡡ௫ㄕ࠿⩻࠻ࡼࡿࡒࠊࡊ࠾ࡊ࡝࠿ࡼࠉSOD2Ⓠ⌟ೳでᚃ࡞DNA ⿿々ࢲ࢘ࢴࢠ࣎࢕ࣤ ࢹࡡ
Ὡᛮ໩࡞㛭୙ࡌࡾCHK-1ࡡSer345ࡡࣛࣤ 㓗໩࠿びᐳࡈࡿࡾ࡛ࡆ ࡢ࡝ࡂ(Fig. 4-14)ࠉձࡡ௫ㄕࢅ❟
チࡌࡾࡻ࠹࡝チᣈࡢᚋࡼࡿ࡝࠾ࡖࡒࠊࡱࡒࠉDNA fiberἪ࡞ࡻ࡙ࡖ DNA ⿿々ࣆ࢚࣭ ࢠࡡ㐅⾔㏷
ᗐࢅῼᏽࡊ࡛ࡒ ࡆࢀࠉSOD2ࡡⓆ⌟ࢅೳでࡈ࡙ࡎ ࡵࠉ࡮࡛ ࢆ࡜ᕣࡢびᐳࡈࡿ࡝࠾ࡖࡒ(Fig. 4-15)ࠊ
ࡐࡡࡒࡴࠉղࡡ௫ㄕࡵྫྷ ᏽࡈࡿࡾࠊ᭩ᚃ࡞ࠉճࡡ௫ㄕ࡚ ࠵ࡾ࠿ࠉࡆࡿࢅチ᪺ࡌࡾ࡛ࡆ ࡢᅏ㞬࡚ ࡢ
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࠵ࡾ࠿ࠉG1᭿࠾ࡼS᭿࡫ࡡ⛛⾔ࡵ㐔ᘇ࡙ࡊ ࠷ࡾ࡛ࡆ ࠾ࡼࠉG1/S᭿⛛⾔࡞㛭୙ࡌࡾࢦ࢕ࢠࣛࣤ ࡷ
CDK (cyclin AࠉDࠉEࡷCdk2ࠉ4ࠉ6)ࡡὩᛮ໩࠿┭ࡅࡼࡿ࡙ ࠷ࡾྊ⬗ᛮ࠿㧏࡛࠷ ⩻࠻ࡼࡿࡾࠊSOD2
ࡡᯜῤ࠿DNA ⿿々㜴ᐐ๠࡚ ࠵ࡾHUࡷaphidicoline࡞ᑊ࡙ࡊ ⪇ᛮࢅ♟ࡌ⌦⏜ࡵ(Fig. 4-10)々ࠉ ⿿
㛜╂࠿㉫ࡀ࡞ࡂࡂ࡝ࡽࠉDNA 々⿿ࣆ࢚࣭ࢠ࠿ᙟᠺࡈࡿࡾᩐ࠿ᑛ࡝ࡂ࡝ࡾࡆ࡛࡚ࠉHU ࡷ
aphidicoline࡞ࡻࡾDNA ⿿々ࣆ࢚࣭ ࢠࡡᓻቪ࠿㉫ࡀ࡞ࡂࡂ࡝ࡖࡒࡒࡴ࡚ ࡢ࡝࠷࠾ ᥆࡛ῼ ࡚ࡀࡾࠊ 
 ࡱࡒ᭩㎾ࠉHeLa⣵⬂࡞ࠉᢘ㓗໩∸㈹࡚ ࠵ࡽࡱࡒ㓗໩ಀ㐅∸㈹࡚ ࡵ࠵ࡾ N-acetyl cysteine ࢅฌ⌦
ࡊ࡛ࡒ ࡆࢀࠉ࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࡡ⑵ຊ࡛ භ࡞G1᭿࡞ೳでࡊࠉࡐࡡⅴᅄ࠿cyclin D1ࡡ΅ ᑛ࡞ࡻࡾ
ࡵࡡ࡚ ࠵ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿࡒ(Menon et al., 2007)ࠊࡈࡼ࡞ࠉࡆࡡcyclin D1ࡢࠉH2O2ๆ⃥ ࡞ࡻ࡙ࡖ
ࡐࡡฦゆ࠿ᢒโࡈࡿࡾ࡛ࡆ ࠉ⏍Ꮛಀ㐅ᅄᏄAKTࡵH2O2ๆ⃥ ࡞ࡻ࡙ࡖ Ὡᛮ໩ࡈࡿࡾ࡛ࡆ ࠿▩ࡼ
ࡿ࡙ ࠷ࡾ(Murata et al., 2003)ࠊࡆࡡAKTࡢࠉcyclin D1ࡡฦゆࢅಀ㐅ࡌࡾglycogen synthase kinase-3
ș࡛ ࿣ࡣࡿࡾ࢞ࢻ࣭ ࢭࢅᢒโࡌࡾ࡛ࡆ ࠿▩ࡼࡿ࡙ ࠷ࡾ(Diehl et al., 1998)ࠊࡱࡒࠉࡆࡡcyclin D1ࡷ
AKT࠿Ὡᛮ໩ࡌࡾG1᭿࡞ࡢࠉSOD2ࡡὩᛮ࠿᭩ࡵ㧏ࡂ࡝ࡾ࡛ࡆ ࠿ሒ࿈ࡈࡿ࡙ ࠷ࡾ(Oberley et al., 
1995)ࠊ௧୕ࡡ࡛ࡆ ࠾ࡼSOD2࠿࣭ࢪ ࣂ࣭ ࢛࢞ࢨࢺࡡ㝎ཡࡓ࡚ࡄ ࡝ࡂࠉH2O2⏍ᠺࢅ௒࡙ࡊ ࠉG1᭿
࠾ࡼS᭿࡫ࡡ⛛⾔ࡷS᭿ࡡ㐅⾔ࢅಀ㐅࡙ࡊ ࠷ࡾ࡛ࡆ ࠿⩻࠻ࡼࡿࡾࠊࡗࡱࡽࠉᮇ◂✪࡚ SOD2ࡡ
ᯜῤ࠿ㄇⓆࡊࡒ⾪⌟ᆵࡢࠉ㓗໩ࢪࢹࣝࢪࢅⓆ⏍ࡓ࡚ࡄ ࡢ࡝ࡂࠉH2O2ࡡ΅ ᑛ࠿ࠉcyclin D1ࡡὩᛮ
໩ࢅ΅ ᘽࡈࡎࡒࡒࡴ࡚ ࠵ࡾྊ⬗ᛮ࠿⩻࠻ࡼࡿࡾࠊࡆࡡ௫ㄕࢅチ᪺ࡌࡾࡒࡴ࡞ࡢࠉSOD2 ᯜῤ࠿
H2O2ࢅ΅ ᑛࡈࡎࠉcyclin D1ࡡⓆ⌟㔖఩ୖ ࢅᘤࡀ㉫ࡆࡌ࠾ࢅ᳠ チࡊ࡝ࡄࡿࡣ࡝ࡼ࡝࠷࠿ࠉよᛍ࡝
࠿ࡼࢼ࣠ࢹࣛࡡcyclin D1ࢅヾ ㆉࡌࡾᢘమ࠿Ꮛᅹࡎࡍࠉ⌟᫤Ⅴ࡚ ࡢDT40ࡡ⣌࡚ ࡡチ᪺ࡢᅏ㞬࡚
࠵ࡾࠊࡊ࠾ࡊ࡝࠿ࡼࠉᮇ◂✪࡚ ష⿿ࡊࡒSOD2᮪௲◒ቪᰬ ࡡ⾪⌟ᆵ࠿௙ࡡ㧏➴┷ᰶ ⏍∸⏜ᮮSOD2
◒ቪᰬ ࡻࡽࡵ࣏࢕ࣜࢺ࡚ ࠵ࡾ࡛ࡆ ࠿ᖶ࠷ࡊࠉᮇ◂✪࡞ࡻࡽSOD2࡞ࡻࡾH2O2⏍ᠺ࠿⣵⬂⑵るࢅ
ಀ㐅ࡌࡾྊ⬗ᛮ࠿ิ ࡴ࡙ ♟ࡈࡿࡒࠊ 
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᭩ᚃ࡞ 
 ᮇ◂✪࡚ ࡢࠉSOD2ࢅtet-off system࡞ࡻ࡙ࡖ ᯜῤࡈࡎࡾ࡛ࡆ ࡚ࠉSOD2Ḗ᥾࡞ࡻࡾ⣵⬂࿔᭿㐅
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➠ 6❮ ᐁ㥺ᮞᩩ࠽ࡻࡦ᪁Ἢ  
➠ 1⟿ ⣵⬂ᇰ㣬  
1.1 ౐⏕ᰬ 
ᮇ◂✪࡚ ౐⏕ࡊࡒDT40⣵⬂ᰬ ࢅ௧ୖ ࡞♟ࡊࡒࠊ 
Wild-type 




 RPMI#1640ᇰᆀ (᪝ラ⿿ⷾ) 10.2 gࠉHEPES (⇆ொ໩Ꮥ◂✪ᡜ) 2.4 gࠉࣅࣜࣄࣤ
㓗ࢻࢹ࣑ࣛࢗ  (WAKO) 0.1 g ࢅ⬲࢕࢛ࣤラ  1 L ࡞⁈ゆࡊࠉ㧏ᅸⵠポ⁓Ⳟ 
(121Υ,20 min) ࡊ࡙ 4Υ࡚ಕᏋࡊࡒࠊ౐⏕᫤࡞ࡢ 10 % NaHCO3࡚ pH 7.2࡞࡝ࡾ
ࡻ࠹࡞ㄢᩒࡊࠉࡈࡼ࡞᭩⤂⃨ᗐ 2 mM L(+)-ࢡࣜࢰ࣐ࣤ (WAKO)ࠉ 10 %㟸ິ໩
ῥࡲࡡ∭⫶ௗ⾉ΰ࡛ 1 %㟸ິ໩ῥࡲࡡࢼ࣠ࢹࣛ⾉ΰࠉ0.1 g/L ◪㓗࢜ࢻ࣏࢕ࢨࣤ
(᪺἖⿿ⳣ) ࡞࡝ࡾࡻ࠹࡞ᇰᆀࢅㄢᩒࡊࡒࠊ 
(2) 10 % NaHCO3 
 10 % NaHCO3 (WAKO) 10 gࢅ⬲࢕࢛ࣤラ 100 mL࡞ᠩ⃦ࡊ㧏ᅸⵠポ⁓Ⳟࡊࡒࠊ 
(3) L(+)-ࢡࣜࢰ࣐ࣤ 
  2.94 gࡡ L(+)-ࢡࣜࢰ࣐ࣤ (WAKO) ࢅ⏍⌦㣏ሲラ࡞⁈࠾ࡊࠉࢀ㐛⁓Ⳟࡊࡒࠊ 
(4)∭⫶ௗ⾉ΰ (fetal calf serum ; FCS) 
 Flow♣⿿ࡱࡒࡢ Bioserum♣⿿ࡡࡵࡡࢅ 56Υ࡚ 30 min㟸ິ໩ࡊࡒᚃࠉ4Υ࡚ಕ
Ꮛࡊࡒࠊ 
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(5) ࢼ࣠ࢹࣛ⾉ΰ (chicken serum ; CS) 
 Sigma♣⿿ࡡࡵࡡࢅ FCS࡛⇆ᵕ࡞㟸ິ໩ࡊࠉ4Υ࡚ಕᏋࡊࡒࠊ 
(6) PBS (phosphate-buffered saline) 
 NaCl (WAKO) 8.0 gࠉCaCl2 (WAKO) 0.2 gࠉNa2HPO4࣬12H2O (WAKO) 2.9 gࠉ
KH2PO4 (WAKO) 0.2 gࢅ⬲࢕࢛ࣤラ 1 L࡞⼝ゆࡊࡒࠊ 
(7) ࣒ࢲࣜࢬ࣭ࣜࣞࢪᇰᆀ 
 216 mL MilliQ ラ࡛ 7.5 g ࣒ࢲࣜࢬ࣭ࣜࣞࢪ (Fluka) ࢅࡐࡿࡑࡿ 500 mLࡡ࣒
ࢸ࢔࣑ࢗ⎴࡞ථࡿࠉ㧏ᅸⵠポ⁓Ⳟࡊࡒࠊࡐࡿࡑࡿ⇍࠷࠹ࡔ࡞ࠉMilliQ ラࢅ࣒ࢲ
ࣜࢬ࣭ࣜࣞࢪࡡථࡖࡒ⎴࡞ຊ࠻ࠉ⣪᪡ࡂⰃࡂ᧘ᢶࡊࡒࠊ50Υ⛤ᗐࡱ̶࡚ࡴࡒࡼ 2
DMEM/F-12 ᇰᆀ(Gibco) ࢅ 216 mLຊ࠻ࠉ4Υ࡚ୌᬄ᧘ᢶࡊࡒࠊ⩛᪝ 75 mL㟸
ິ໩ῥࡲ FCS࡛ 7.5 mL㟸ິ໩ῥࡲ CSࢅຊ࠻ࠉ4Υ࡚ಕᏋࡊࡒࠊ 
(8) 2DMEM/F-12 ᇰᆀ 
 1 Lฦࡡ 2DMEM/F-12 (Gibco)࠽ࡻࡦࠉNaHCO3 (WAKO) 1.2 gࢅ 500 mLࡡ⬲
࢕࢛ࣤラ࡞⼝ゆࡊࠉ㌱㐛⁓Ⳟࡊࡒᚃࠉ4Υ࡚ಕᏋࡊࡒࠊ 
 
➠ 2⟿ ࢰ࣭ࢣࢴࢷ࢔ࣤࢡ࣊ࢠࢰ࣭ࡡషᠺ  
2.1 DT40⣵⬂࠾ࡼࡡࢣࢿ࣑ DNAࡡ᢫ฝ 
2.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) Easy-DNATM kit (invitrogen) 
(2) PBS  
(3)  ethanol (WAKO)  
(4)  chloroform (ࢻ࢜ࣚ࢕)  
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2.1.2 ᐁ㥺᪁Ἢ 
 ⣑ 1107 ࡡ⣵⬂ࢅᅂ཭ࡊࠉ200 ȣLࡡ PBS࡞ᠩ⃦ࡊࡒࠊࡐࡡᚃࠉ350 ȣL 
ࡡ solution A ࢅຊ࠻ࠉ65 Υ࡚ 10ฦ㐛⇍ࡊࡒࠊࡐࡡᚃࠉ150 ȣL ࡡ solution B࡛
500 ȣLࡡ chlolroformࢅຊ࠻ࠉ᧘ᢶࡊࠉ14,000 rpm࡚ 20 minࠉ㐪ᚨࡊࡒࠊ⏍ᠺ
ࡊࡒ୕ΰ 500 ȣL࡞ 100% ethanolࢅ 800 ȣLຊ࠻ࠉ30 minࠉレ୕࡚㟴⨠ࡊࡒࠊ
14,000 rpm࡚ 15 min㐪ᚨࡊࠉỷ⃞ࡊࡒࢣࢿ࣑ DNAࢅ 80% ethanol࡚ὑὯࡊࡒࠊ
ࢣࢿ࣑ DNAࢅஜ⇩ࡈࡎࡒᚃࠉRNaseථࡽࡡ 100 ȣL TE࡞⁈ゆࡈࡎࡒࠊ 
 
2.2  PCR࡞ࡻࡾ chicken SOD2 ࡡ genomic DNAࢠ࣭ࣞࢼࣤࢡ 
2.2.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) LA Taq PCR Kit ; 10LA PCR bufferࠉ25 mM MgCl2ࠉ2.5 mM dNTPࠉLA Taq 
polymerase (TaKaRa) Advantage GC2-PCR Kit ; GC-Melt 
(2) ౐⏕ࡊࡒࣈࣚ࢕࣏- 
Primer name  Oligonucleotide 
ch-SOD2 fw2 AAGCAGGGCTGCGCTGGTAGCACCG 
ch-SOD2 rv2 TCCATCTACTTTCTGCAAGATTCATATCTTGAAG 
 
(3) PCR ࣈࣞࢡ࣑ࣚ 









ິࡊࠉ⣑ 6 kbpࡡࣁࣤࢺࢅᅂ཭ࡊ࡙ࠉpGEM-T easy vector (Promega) ࡞⤄ࡲ㎰ࡲࠉ
ࣈࣚࢪ࣐ࢺ DNAࢅㄢ⿿ࡊࠉሲᇱ㒼าࢅ☔ヾࡊࡒࠊ 
 
2.3 ⷾ๠⪇ᛮ࣏࣭࣭࢜㐿ఎᏄ᣼ථ⏕ BamHϨsiteࡡᑙථ 
2.3.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) LA Taq PCR Kit (⇆୕) 
(2) ౐⏕ࡊࡒ primer 
L arm ⏕  
Primer name  Oligonucleotide 
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(3)  PCR ࣈࣞࢡ࣑ࣚ 
L armࠉR arm⏕භ࡞ࠉ 
94 Υ 2 minࠉ(94 Υ 30 secࠉ56Υ 30 secࠉ72Υ 3 min )30ࠉ72Υ 10 min 
 
2.3.2 ᐁ㥺᪁Ἢ 
 2,2࡚షᠺࡊࡒ vectorࢅ template࡛ࡊ࡙ࡐࡿࡑࡿ୕エࡡ primerࢅ⏕࠷࡙ PCRࢅ
⾔࠷ࠉᚋࡼࡿࡒ bandࢅᅂ཭ࡊ࡙ࠉpGEM-T easy vector (Promega) ࡞⤄ࡲ㎰ࡲࠉࣈ
ࣚࢪ࣐ࢺ DNAࢅㄢ⟿ࡊ࡙ࠉࢨ࣭ࢠ࢙ࣤࢪゆᯊࢅ⾔ࡖࡒࠊᚋࡼࡿࡒ偐ࡗࡡࣈࣚࢪ




(1) 2.3࡚షᠺࡊࡒ vector 
(2) ࣏࣭࣭࢜ (ࢼ࣠ࢹࣛș-actin promoter ୖὮ࡞ histidinolࠉblastidinࠉpuromycinࠉ
ecogptࠉhygromycinࠉneomycinࠉbleomycin⪇ᛮ㐿ఎᏄࢅ⤄ࡲ㎰ࢆࡓࡵࡡ) 
 
2.5 chicken SOD2  ࢰ࣭ࢣࢴࢷ࢔ࣤࢡ࣊ࢠࢰ࣭ࡡషᠺ 
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2.6 DNA ࢨ࣭ࢠ࢙ࣤࢪゆᯊ 
 DNA ࡡሲᇱ㒼าࢅ☔ヾࡌࡾࡒࡴࠉSanger ࡼࡡ dideoxy Ἢ࡞ᚉ࠷ࠉ௧ୖࡡᡥ㡨
࡚ DNAࢨѸࢠ࢙ࣤࢪࢅ⾔ࡖࡒࠊTaq DyeDeoxyTMTerminator Cycle Sequencing Kit
ࢅ⏕࠷࡙⾔ࡖࡒࠊࣈ࣐ࣝࢴࢠࢪ࡛ࡊ࡙ࠉ5TACS bufferࠉdNTP mixtureࠉ
DyeDeoxyTMTerminatorsࠉ࠽ࡻࡦ Ampli TaqࢅΊ࿰ࡊࠉࡆࡿ࡞㗢ᆵ DNA 0.25 ȣgࠉ
primer 1.6 Pmolࢅຊ࠻࡙ධ㔖ࢅ 10 ȣL࡛ࡊࠉThemal Cycler࡚௧ୖࡡཬᚺࢅ⾔ࡖ
ࡒࠊཬᚺ⤂஡ᚃࠉethanolỷ⃞࡞ࡻࡽ DNAࢅᅂ཭ࠉloading buffer (TSR ; template 




➠ 3⟿  human SOD2  Tet-off system ᑙථ⏕࣊ࢠࢰѸࡡష⿿  
3.1 HeLa⣵⬂ࡡ total RNAࡡ᢫ฝ 
3.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) TRIzol Reagent (Gibco BLK) 
 3.1.2ᐁ㥺᪁Ἢ 
 レ̶ PBS࡚ὑὯࡊࡒ 5ࠤ10106 ࡡ⣵⬂ࡡ࣋ࣝࢴࢹ࡞ TRIzol Reagent 1 mLࢅ
ຊ࠻࡙ྊ⁈໩ࡊࠉᐄῺ࡚ 5 min㟴⨠ࡌࡾࠊ200 ȣLࡡ chloroformࢅຊ࠻ࡻࡂΊ࿰
ࡊࠉᐄῺ࡚ 3 min㟴⨠ᚃࠉ14,000 rpmࠉ4Υ࡚ 15 min㐪ᚨࡊࡒࠊࡐࡡ୕ΰ࡞ 2-propanol 
(WAKO)ࢅ 500 ȣLຊ࠻Ί࿰ࡊࠉ10 minᐄῺ࡞㟴⨠ᚃࠉ14,000 rpmࠉ4Υ࡚ 10min
㐪ᚨࡊࠉỷ㜾ࡊࡒ RNAࢅ 75% ethanol࡚ὑὯࡊࡒࠊRNA࣋ࣝࢴࢹࢅ㢴ஜࡊࠉDEPC
ฌ⌦MilliQラ࡞⁈ゆࡊࡒࠊ⃨ᗐῼᏽᚃࠉ-80 Υ࡚ಕᏋࡊࡒࠊ 
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3.2 RT-PCR  
3.2.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) Super Script Ϫ; oligo dT primerࠉ10 mM dNTPsࠉ5first strand bufferࠉ0.1 M DTTࠉ
Super Script Ϫ RT ࠉRNase OUTࠉRNase H (Invitrogen) 
(2)  Phusion  High-Fidelity DNA Polymerase:  5Phusion HF Bufferࠉ2 mM each 
dNTPsࠉPhusion DNA polymerase (NEW ENGLAND Bio Labs) 
(3) ౐⏕ࣈࣚ࢕࣏࣭ 
Primer name  Oligonucleotide 
hSOD2 fw1 ATGTTGAGCCGGGCAGTGTGCGG 
hSOD2 rv669 CTACTTTTTGCAAGCCATGTATCTTTC 
(4) PCR ࣈࣞࢡ࣑ࣚ 
94 Υ 2 minࠉ(94 Υ 30 secࠉ50Υ 30 secࠉ68Υ 1 min )30ࠉ72Υ 5min 
 
3.2.2 ᐁ㥺᪁Ἢ 
 ⣵⬂࠾ࡼ᢫ฝࡊࡒ 5ȣgࡡ total RNA࡞ DEPCฌ⌦ࡊࡒMilliQラࢅຊ࠻࡙ධ㔖
ࢅ 11ȣL࡞ࡊࠉ1 ȣLࡡ oligo (dT) primerࠉ5bufferࠉ1 ȣLࡡ 10 mM dNTPsࢅ
ຊ࠻ࠉ65 Υ࡚ 5minཬᚺࡈࡎࠉレ୕࡚ 1 min௧୕̶༴ࡌࡾࠊ4 ȣLࡡ 5first strand 
buffer ࠉ1 ȣL ࡡ 0.1 M DTT ࠉ1 ȣL ࡡ RNase OUT ࠉ1 ȣL ࡡ Super Script Ϫ 
RTࢅຊ࠻ࠉ25Υ࡚ 5 minࠉ50Υ࡚ 1 hrࠉ70Υ࡚ 15minཬᚺࡈࡎࠉ්ࡦレ୕̶࡚
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3.3  A-௛ຊ 
3.3.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) 2 mM dATP (TaKaRa) 
(2) Taq polymerase (TaKaRa) 
3.3.2 ᐁ㥺᪁Ἢ 
 3.2.2࡚ᚋࡼࡿࡒPCR⏐∸ࢅ95Υ࡚20 minཬᚺࡈࡎࡒᚃࠉ2 mM dATPࢅ9ȣLࠉ
Taq polymeraseࢅ 1ȣLຊ࠻࡙ࠉ70Υ࡚ 15 minཬᚺࡈࡎࡒࠊ 
 
3.4 PCR࡞ࡻࡾ human SOD2 ࡡ cDNAࢠ࣭ࣞࢼࣤࢡ 
 PCR⏐∸ࢅ࢓࣭࢝ࣞࢪ㞹ポὃິ࡞ࡻࡽᒈ㛜ࡊࡒᚃࠉ⣑ 500 bpࡡࣁࣤࢺࢅᅂ཭
ࡊ࡙ࠉpGEM-T easy vector (Promega) ࡞⤄ࡲ㎰ࡲࠉࣈࣚࢪ࣐ࢺ DNAࢅㄢ⿿ࡊࠉ
ࢨѸࢠ࢙ࣤࢪゆᯊࢅ⾔ࡖࡒࠊ 
 
3.5 โ㝀㓕⣪ࢦ࢕ࢹ࠽ࡻࡦ HA㒼าࡡ௛ຊ 
3.5.1 ᮞᩩ࠽ࡻࡦムⷾ 
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(3)PCR ࣈࣞࢡ࣑ࣚ 
94 Υ 3minࠉ(94 Υ 30 secࠉ60Υ 30 secࠉ72Υ 1 min )35ࠉ72Υ 4min 
 
3.5.2 ᐁ㥺᪁Ἢ 
1. 4࡚షᠺࡊࡒ vectorࢅ template࡛ࡊ࡙ࡐࡿࡑࡿ୕エࡡ primerࢅ⏕࠷࡙ PCRࢅ
⾔࠷ࠉᚋࡼࡿࡒ bandࢅᅂ཭ࡊ࡙ࠉpGEM-T easy vector (Promega) ࡞⤄ࡲ㎰ࡲࠉ
ࣈࣚࢪ࣐ࢺ DNAࢅㄢ⟿ࡊ࡙ࠉࢨ࣭ࢠ࢙ࣤࢪゆᯊࢅ⾔࠷ࠉhSOD2ࡡ 3͂ᮆ❻࡞
Xba Ϩࢦ࢕ࢹࠉ5 ͂ᮆ❻࡞ Sac ϩࢦ࢕ࢹ࠽ࡻࡦ HA 㒼า࠿௛ຊࡈࡿ࡙࠷ࡾࡆ
࡛ࢅ☔ヾࡊࡒࠊ 
 
 3.6  hSOD2-HA/tet-off ࣊ࢠࢰ࣭ࡡష⿿ 
2. 5࡚ష⿿ࡊࡒ vector࠽ࡻࡦ 1-118 vectorࢅXba Ϩ࠽ࡻࡦ Sac ϩ࡚โ㝀㓕⣪ฌ⌦
ࡊ࡙ࠉ⤄ࡲ㎰ࡲࠉࣈࣚࢪ࣐ࢺ DNAࢅㄢ⟿ࡊ࡙ࠉࢨ࣭ࢠ࢙ࣤࢪゆᯊࢅ⾔ࡖࡒࠊ 
 
➠ 4⟿ DT40⣵⬂࡫ࡡࢹࣚࣤࢪࣆ࢘ࢠࢨࣘࣤ  
4.1 ౐⏕ⷾ๠⃨ᗐ 
 㐽ᢝ࣏࣭࣭࢜      ౐⏕ⷾ๠㖥ᯮ       ࢪࢹࢴࢠ⁈ᾦ       ⤂⃨ᗐ 
Hygromycin㸰Hyg   Hygromycin B (WAKO)         250 mg/mL in Ster. MilliQ   2.5 mg/mL 
Ecogpt㸰Eco       Mycophenoic acid (WAKO)       10 mg/mL in DMSO       20 ȣg/mL 
Neomycin㸰Neo    Geneticin disulfate (WAKO)      200 mg/mL in Ster. MilliQ   2.0 mg/mL 
 
4.2 ᐁ㥺᪁Ἢ 
⣑ 1107ࡡ⣵⬂ࢅ 1,000 rpmࠉ5 minࠉ4Υ࡚㐪ᚨࡊ࡙ᅂ཭ᚃࠉ1.0 mLࡡ PBS࡚⣵
⬂ࢅὑࡖࡒࠊḗ࡞஢ࡴࠉ├㙈໩ࡊࡒ 30 ȣgࡡࢰ࣭ࢣࢴࢷ࢔ࣤࢡ࣊ࢠࢰ࣭ࢅ⁈ゆ
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ࡈࡎࡒ 0.5 mLࡡ PBS࡞⣵⬂ࢅᠩ⃦ࡊࡒࠊレ୕࡞ 10 min㟴⨠ᚃࠉGene pulser ϩ 
apparatus (Bio RadࠉHerculesࠉCA)ࢅ⏕࠷ࠉ550 Vࠉ25 ȣF࡚⣵⬂ࢅ࢙ࣝࢠࢹࣞ࣎
࣭ࣝࢨࣘࣤᚃࠉレ୕࡞ 10 min㟴⨠ࡊࡒࠊ⣵⬂ࢅ 20 mLࡡ RPMIᇰᆀ࡚ 24 hrࠉ39Υ
࡚ᇰ㣬ᚃࠉ⣵⬂ࢅ㐪ᚨᅂ཭ࡊࠉ྘ⷾ๠ࢅྱࡳ 100 mLࡡ RPMIᇰᆀ࡞්ᠩ⃦ࡊࠉ
5ᯓࡡ 96 well ࣈ࣭ࣝࢹ࡞᧓࠷ࡒࠊ1㐄㛣⛤ᗐ 39Υ࡚ᇰ㣬ࡊࡒᚃ⏍ࡋࡾⷾ๠⪇ᛮ
ࢤࣞࢼ࣭ࢅ 24 well ࣈ࣭ࣝࢹ࡞⛛ࡊࠉᇰ㣬ࡊࡒࠊ 
 
➠ 5⟿ PCRἪ࡞ࡻࡾ㐿ఎᏄ◒ቪࡡ☔ヾ  
5.1 DT40⣵⬂࠾ࡼࡡࢣࢿ࣑ DNAࡡ᢫ฝ 
5.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) Easy-DNATMKit ;solution Aࠉsolution BࠉTE bufferࠉ2 mg/mL RNase (Invitrogen) 
5.1.2 ᐁ㥺᪁Ἢ 
 24 well ࣈ࣭ࣝࢹ࡚⑵るࡈࡎࡒ DT40⣵⬂ࢅ㐪ᚨᅂ཭ࡊࠉ࣋ࣝࢴࢹࢅ PBS࡞ࡻ
ࡂᠩ⃦ࡌࡾࠊSolution Aࢅຊ࠻࡙ᙁࡂ᧘ᢶࡊࠉ65Υ࡚ಕῺࡡᚃࠉSolution Bࢅຊ
࠻࡙᭞࡞᧘ᢶࡌࡾࠊchloroform (WAKO)ࢅຊ࠻࡙ࡻࡂ᧘ᢶࡊࠉ14,000 rpmࠉ4Υ࡚
15 min㐪ᚨࡊࠉ୕ΰࢅࡡ 95 % ethanol࡛ࡻࡂΊࡏࠉレ୕࡞࡙ 30 min㟴⨠ࡌࡾࠊ
14,000 rpmࠉ4Υ࡚ 15 min㐪ᚨࡊࠉ࣋ࣝࢴࢹࢅࡡ 70% ethanol࡚ὑ࠷ࠉ㢴ஜࡡᚃࠉ




(1)  ౐⏕ࣈࣚ࢕࣏࣭ 
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Primer name  Oligonucleotide 
Neo CGCATCGCCTTCTATCGCCTTC 




(2) PCR ࣈࣞࢡ࣑ࣚ 
 Allele disruption check 
ch-SOD2-391fw㸛NEO 














94Υ  3 min 
 
94Υ  30 sec 
 
58Υ  30sec 
 
72Υ  4min 
 
(step 2ࠤ4)35 cycles 
 
72Υ  5min 
94Υ  3 min 
 
94Υ  30 sec 
 
59Υ  30sec 
 
72Υ  1min 
 
(step 2ࠤ4)35 cycles 
 
72Υ  5min 
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➠ 6⟿ RT-PCR࡞ࡻࡾ㐿ఎᏄ◒ቪࡡ☔ヾ  
6.1 DT40 ⣵⬂࠾ࡼࡡ total RNAࡡ᢫ฝ 
6.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) TRIzol Reagent (Gibco BLK) 
6.1.2 ᐁ㥺᪁Ἢ 
 レ̶ PBS࡚ὑὯࡊࡒ 5ࠤ10106 ࡡ⣵⬂ࡡ࣋ࣝࢴࢹ࡞ TRIzol Reagent 1 mLࢅ
ຊ࠻࡙ྊ⁈໩ࡊࠉᐄῺ࡚ 5 min㟴⨠ࡌࡾࠊ200 ȣLࡡ chloroformࢅຊ࠻ࡻࡂΊ࿰
ࡊࠉᐄῺ࡚ 3 min㟴⨠ᚃࠉ14,000 rpmࠉ4Υ࡚ 15 min㐪ᚨࡊࡒࠊࡐࡡ୕ΰ࡞ 2-propanol 
(WAKO)ࢅ 500 ȣLຊ࠻Ί࿰ࡊࠉ10 minᐄῺ࡞㟴⨠ᚃࠉ14,000 rpmࠉ4Υ࡚ 10min









(1) ReverTra Ace: ReverTra Aceࠉoligo (dT) primerࠉ5bufferࠉ10 mM dNTPs 
(TOYOBO) 
(2) PCR kit  (⇆୕) 
(3) ౐⏕ࣈࣚ࢕࣏࣭ 
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Primer name  Oligonucleotide 
S2 fw ATGTTGTGCCGCCTGGCGTC 
S2 rv  CTTTCTGCAAGATTCATATCTTTGAGACACGT 
52 f 354 CGGCTCATACCATGAAGATGTGGGC 
52 r 1101 CCTGTTACGAGTTGTCATCTGGTGACG 
(4) PCR ࣈࣞࢡ࣑ࣚ 
        SOD2 
S2 fw㸛S2 rv 
       RAD52 












94Υ  2 min 
 
94Υ  30 sec 
 
56Υ  30sec 
 
72Υ  1min 
 
(step 2ࠤ4)25 cycles 
 
72Υ  3min 
94Υ  2 min 
 
94Υ  30 sec 
 
63Υ  30sec 
 
72Υ  1min 
 
(step 2ࠤ4)25 cycles 
 
72Υ  3min 
6.1.3ᐁ㥺᪁Ἢ 
 ⣵⬂࠾ࡼ᢫ฝࡊࡒ 2.5 ȣgࡡ total RNA࡞ DEPCฌ⌦ࡊࡒMilliQラࢅຊ࠻࡙ධ
㔖ࢅ 6 ȣL࡞ࡊࠉ2 ȣLࡡ oligo (dT) primerࠉ5bufferࠉ1 ȣLࡡ 10 mM dNTPsࠉ
0.5 ȣLࡡReverTra Aceࢅຊ࠻ࠉ30 Υ࡚10 minࠉ42 Υ࡚30 minཬᚺࡈࡎࠉ99 Υࠉ
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➠ 7⟿ ࢦࢧࣤࣇࣞࢴࢹ࡞ࡻࡾ㐿ఎᏄ◒ቪࡡ☔ヾ  
7.1 DNAࣈ࣭ࣞࣇࡡ RIᵾㆉ 
7.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) Rediprimer Kit (Amersham Pharmacia) 
(2) Spin-column G50 (Boehringer) 
(3) [Ș-32P] dCTP (Amersham Pharmacia) 
(4) PCR Kit (⇆୕) 
(5) ࣈ࣭ࣞࣇ㸰ࢣࢿ࣑ DNAࢅ template࡛ࡊ࡙⏕࠷࡙ࠉ௧ୖࡡ PCRࡻࡽᚋࡒࠊ 
Primer name  Oligonucleotide 
ch-SOD2-pr-fw3 TATGAGATCTTAATGTGCTGTAGCAG 
ch-SOD2-pr-rv3 CTTCTGTAATACCAGACAGTACTTC 
(6) PCR ࣈࣞࢡ࣑ࣚ 
 94 Υ 2 minࠉ(94 Υ 30 secࠉ60Υ 30 secࠉ72Υ 1 min )35ࠉ72Υ 5 min 
7.1.2 ᐁ㥺᪁Ἢ 
 Gene Clean ϩ (Q-Bio Gene)࡚ᅂ཭ࡊࡒࢣࢿ࣑DNA᩷∞ 25 ngࢅ TE 45 ȣL࡞
⁈ゆࡊࡒࠊ100 Υ࡚ 5 minຊ⇍ࡊࡒᚃࠉレ୯࡞᛬̶ࡊࡒ DNAࢅ Rediprime Kit ࡡ
labeling mix tube࡞ථࡿࠉහᐖ∸ࢅ⁈ᾦ୯࡞⁈ゆࡊࡒࠊࡈࡼ࡞ࠉ5 ȣLࡡ[Ș-32P] 
dCTP (1 mCi/mL)ࢅຊ࠻ࠉ37 Υ࡚ 30 min࢕࣭ࣤ࢞ࣖ࣊ࢹࡊࡒࠊEDTAࢅຊ࠻࡙
ཬᚺࢅೳでࡈࡎࡒᚃࠉಕᏋᾦࢅ㐪ᚨ㝎ཡࡊࡒ Spin-column G50࡞⛛ࡊࠉ3,000 rpm
࡚ 3 min㐪ᚨࡌࡾࡆ࡛࡞ࡻࡽࠉᨲᑏᵾㆉࡊࡒࣈࣞѸࣇ⁈ᾦࢅᚋࡒࠊࣈࣞѸࣇ⁈ᾦࡢ
౐⏕├๑࡞ 100 Υ࡚ 10 minຊ⇍ࡊレ̶ࡊࡒᚃ౐⏕ࡊࡒࠊ 
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7.2 ࢦࢧࣤࣀ࢕ࣇࣛࢱ࢕ࢭ࣭ࢨࣘࣤ 
7.2.1 ムⷾ࠽ࡻࡦムⷾ 
(1) Easy-DNATMKit ; solution Aࠉsolution BࠉTE bufferࠉ2 mg/mL Rnase (invitrogen) 
(2) Denaturing buffer ; .25 M HCl 
(3) Neutralizing buffer ; 1.5 M NaClࠉ0.5 M NaOH 
(4) 20SSC ; 3 M NaClࠉ0.5 M Na3-Citrate (pH7.0) 
(5) 20SSPE ; 3 M NaClࠉ0.2 M NaH2PO4࣬H2Oࠉ0.02 M EDTA(pH7.4) 
(6) 50Denhalt㹕 s solution ; 1% Ficoll (nacakalai)ࠉ1% polyvinylpyrrolidone 
(P-5288) (SIGMA)ࠉ 1% BSA (SIGMA) ࠉ 5.0 g ࡡ Ficollࠉ 5.0 g ࡡ
polyvinylpyrrolidone ࠉ5.0 gࡡ BSAࢅ 500 mLࡡ⬲࢕࢛ࣤラ࡞⁈ゆࡊࡒࠊ 
(7) 10 mg/mL salmon sperm DNA (ssDNA) 
ࢦࢢ⢥Ꮔ DNAࢅ⣑ 10 mg/mL࡞࡝ࡾࡻ࠹࡞ TE࡞⁈ゆࡊࠉ⢋ᗐ࠿఩ୖࡌࡾࡱ
࡚㉰㡚ἴฌ⌦ࢅ⾔ࡖࡒࠊࡈࡼ࡞ phenol/chloroform ᢫ฝᚃࠉethanol ỷ⃞ࡊࠉ
⤂⃨ᗐ 10 mg/mL࡞࡝ࡾࡻ࠹࡞ TE࡞⁈ゆࡊࡒࠊ౐⏕├๑࡞ 100Υ࡚ 10 min
ຊ⇍ࡊࠉレ̶ࡊࡒࡵࡡࢅ⏕࠷ࡒࠊ 
(8) prehybridization buffer ; 5SSCࠉ1Denhalt㹕s solutionࠉ2 % SDS (WAKO)ࠉ
2 % SDS (WAKO)ࠉ50 % formamide (ࢻ࢜ࣚ࢕)ࠉ0.1 mg/mL salmon sperm DNA 
(9) hybridization buffer ; 5SSCࠉ1Denhalt㹕s solutionࠉ2% SDS (WAKO)ࠉ50% 
formamide (ࢻ࢜ࣚ࢕)ࠉ0.1 mg/mL salmon sperm DNAࠉ50 ȣL [Ș-32P] dCTP 
probe DNA 
(10) wash solution 1 ;  2SSCࠉ0.05% SDS 
(11) wash solution 2 ;  0.1SSCࠉ0.05% SDS 
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(12) Hybond N (Amersham Pharmacia) 
7.2.2 ᐁ㥺᪁Ἢ 
(1) membrane ࡡషᠺ 
PCR check ࡚㝟ᛮࢅ♟ࡊࡒࢠ࣭ࣞࣤ࡞ࡗࡀ 107⛤ᗐࡡ⣵⬂ࢅᅂ཭ࡊࠉ࣋ࣝࢴࢹࢅ
40 ȣLࡡ PBS࡞ࡻࡂᠩ⃦ࡌࡾࠊ70 ȣL solution Aࢅຊ࠻࡙ᙁࡂ᧘ᢶࡊࠉ65Υࠉ
10min ࡚ಕῺࡡᚃࠉ30 ȣL solution B ࢅຊ࠻࡙ࡈࡼ࡞᧘ᢶࡌࡾࠊ100 ȣL 
chloroform (WAKO) ࢅຊ࠻ࡻࡂ᧘ᢶࡊࠉ14,000 rpmࠉ4Υ࡚ 15 min㐪ᚨࡊࠉ୕ΰ
ࢅ 250 ȣLࡡ 95 % ethanol࡛ࡻࡂΊࡏࠉレ୕࡞࡙ 30 min㟴⨠ࡌࡾࠊ14,000 rpmࠉ
4Υ࡚ 15 min㐪ᚨࡊࠉ࣋ࣝࢴࢹࢅ 200 ȣLࡡ 70% EtOH࡚ὑ࠷ࠉ㢴ஜࡡᚃࠉ20 ȣ
Lࡡ TE(20 ȣg/mLࡡ RNaseࢅྱࡳ)࡞⁈ゆࡊࠉ37Υ࡚ 30 min࢕࣭ࣤ࢞ࣖ࣊ࢹࡌ
ࡾࡆ࡛࡚ࢣࢿ࣑ DNAࡡᅂ཭ࢅ⾔ࡖࡒࠊ྘ࢦࣤࣈࣜ࡞ࡗࡀ 40 ȣgࡡࢣࢿ࣑ DNA
ࢅୌᬄ࠾ࡄ࡙โ㝀㓕⣪ฌ⌦ࢅ⾔ࡖࡒࠊethanolฌ⌦ࡊࠉ20 ȣLࡡ TE࡞⁈ゆࡈࡎ
ࡒโ㝀㓕⣪ฌ⌦ࢣࢿ࣑ DNA ࢅࢦࣤࣈ࡛ࣜࡊ࡙ 1% agarose gel (SeaKemRGTGR 
agarose BMA)࡛ 1TAE bufferࢅ⏕࠷࡙ 30 Vࠉ16.5 hr㞹ポὃິࢅ⾔ࡖࡒࠊEtBr
᯹Ⰵࢅ⾔ࡖࡒᚃࠉࢣࣜࢅ Denaturing buffer࡞ථࡿࠉBPB࣏࣭࣭࢜ࡡⰅ࠿㯜⥫Ⰵ࡞
ን໩ࡊ࡙࠾ࡼ᭞࡞ 20 min 㟀┖ࡈࡎࡒࠊ᭞࡞ࠉラ㐠ラ࡚ࢣࣜࢅὑὯࡊࡒᚃࠉ
Neutralizing buffer ࡞ථࡿ 30 min 㟀┖ࡊࡒࠊ㍅▴࡞ 20SSC ࢅࡊࡲࡆࡱࡎࡒ
transferᐖჹࢅ⏕ណࡊࠉ3 MM paperࢅ㍅▴ࡡ୕࡞㍍ࡎࠉ20SSCࢅ༎ฦࡊࡲࡆࡱ
ࡎࡒᚃࠉὃິῥࡲࡡࢣࣜࠉHybond N membraneࠉ5SSCࠉ࡞ᾈࡊࡒ 3 MM paperࠉ
20 cm ࡡ㧏ࡈࡡ࣑࢞ࢰ࢛ࣜࢅ㡨ḗ஋ࡎ࡙࠾ࡼࠉୌᬄᨲ⨠ࡌࡾࡆ࡛࡚ὃິࡈࡿࡒ
DNAࢅ Hybond N membraneࢅ 5SSC࡚ࡌࡌ࠷ࡓࡡࡔࠉ3 MM paper࡞ᣫࢆ࡚ஜ
⇩ࡈࡎࡒࡵࡡࢅ-20Υ࡚ಕᏋࡊࡒࠊ 
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(2) hybridization 
   DNA ࢅࢹࣚࣤࢪࣆ࢒࣭ࡊࡒ membrane ࢅ 2SSC ࡞ᾈࡊࡒᚃࠉ42Υࡡ
prehybridization buffer࡞ᾈࡊࠉ2 hr㟀┖ࡊ࡝࠿ࡼ࢕ࣤ࢞ࣖ࣊Ѹࢨࣘࣤࡊࡒࠊḗ࡞ࣈ
࣭ࣞࣇ⁈ᾦࢅථࡿࡒ hybridization buffer ࡚ 42Υࠉୌᬄ㟀┖ࡊ࡝࠿ࡼ࢕ࣤ࢞ࣖ࣊
࣭ࢹࡊࡒࠊWash solution 1࡞ membraneࢅ⛛ࡊࠉ42Υ࡚ 5 min3ᅂ⧖ࡽ㏁ࡊ࡙ὑ
ὯࡊࡒᚃࠉWash solution 2࡚⇆ᵕࡡ᧧షࢅ⾔ࡖࡒࠊᚋࡼࡿࡒ membraneࢅ㌱⣤࡞
㈖ࡽ௛ࡄࠉ࢛࣭ࢹࢡࣚࣆ࢔࣭࡞ࡻࡖ࡙┘Ⓩ࡛ࡌࡾ DNAࡡࣁࣤࢺࢅ᳠ฝࡊࡒࠊ 
 
➠ 8⟿ ⣵⬂⑵る᭜⥲  
8.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) 0.5 % Tripan blue 




 1.0104ࡡ⣵⬂ࢅ 1 mLࡡ RPMI࡚ᇰ㣬ࡊࠉ0.5 % Tripan blueࢅᇰᆀࡡ 1/25㔖
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➠ 9⟿ ⷾ๠វུᛮム㥺  
9.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) ࣒ࢲࣜࢬ࣭ࣜࣞࢪᇰᆀ 
(2) Metyl methanesulfonate (MMS ) (Aldrich) 
(3) 4-Nitroquinoline 1-oxide (4NQO) (Sigma) 
(4) Hydroxyurea (Sigma) 
(5) Aphidicoline (Sigma) 
 
9.2 ᐁ㥺᪁Ἢ 




➠ 10⟿ DNA-Ladderࡡ᳠ฝ  
10.偏ᮞᩩ࠽ࡻࡦムⷾ 
(1) Easy-DNATM Kit ; solution Aࠉsolution BࠉTE bufferࠉ2 mg/mL RNase (invitrogen) 
 
10.2 ᐁ㥺᪁Ἢ 
6 well plateࠉࡵࡊࡂࡢ 6 cmࢨ࣭ࣔࣝ୯࡚ⷾ∸ฌ⌦ࡊࡒ⣵⬂ࢅ㐪ᚨᅂ཭ࡊࠉ࣋ࣝ
ࢴࢹࢅ 40 ȣLࡡ PBS࡞ᠩ⃦ࡊࡒࠊ70 ȣL solution Aࢅຊ࠻ vortexࡊࡒᚃࠉ65Υ
࡚ 10 minࠉincubate ࡊࠉ30ȣL solution B ࢅຊ࠻࡙ࡈࡼ࡞᧘ᢶࡊࡒࠊ100 ȣL 
chloroformࢅຊ࠻ࡻࡂ᧘ᢶࡊࠉ14,000 rpmࠉ4Υ࡚ 15 min㐪ᚨࡊࠉ୕ΰࢅ 200 ȣ
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Lࡡ 95 % ethanol࡛ࡻࡂΊࡏࠉレ୕࡞࡙ 30 min㟴⨠ࡌࡾࠊ14,000 rpmࠉ4Υ࡚ 15 min
㐪ᚨࡊࠉ࣋ࣝࢴࢹࢅ 200 ȣLࡡ 70% ethanol࡚ὑ࠷ࠉ㢴ஜࡡᚃࠉ50 ȣLࡡ TE(20 
ȣg/mLࡡ RNaseࢅྱࡳ)࡚⁈ゆࡊࠉ37Υ࡚ 30 min࢕࣭ࣤ࢞ࣖ࣊ࢹࡊࡒࠊᚋࡼࡿ
ࡒࢣࢿ࣑ DNA ࡡ⃨ᗐࢅῼᏽࡊ࡙ㄢ⟿ࡊࠉ1 well ࠵ࡒࡽ 4 ȣg ࡡ DNA ࢅ 2 % 
agarose gel࡚ 100 Vࠉ30 minὃິࡊࡒࠊࢣࣜࢅ 0.5 mg/mL EtBr࡚᯹ⰅࡊࠉUV࢕
࣐ࣜࢾ࣭ࢰ࣭࡚᧔ᙫࢅ⾔ࡖࡒࠊ 
 
➠ 11⟿ Flowcytometry࡞ࡻࡾゆᯊ  
11.1 PI༟᯹Ⰵ࡞ࡻࡾ⣵⬂࿔᭿ฦᕱࡡゆᯊ 
11.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) Cycle TESTTMPLUS DNA Reagent Kit (Becton Dickson) 
11.1.2 ᐁ㥺᪁Ἢ 
 1.0106ࡡ⣵⬂ࢅ 900 ȣL ࡡ buffer solution ࡞ᠩ⃦ࡊࠉ3,000 rpmࠉ4Υ࡚ 3min
㐪ᚨࡊࠉ࣋ࣝࢴࢹࢅ 900 ȣLࡡ buffer solution࡞්ᠩ⃦ࡊࠉᾦమ✽⣪࡚█㛣‥⤎
ࡊࠉ80Υ࡚ࢦࣤࣈࣜࢅಕᏋࡊࡒࠊ37Υࡡラᾆ࡚ゆ‥ࡊࠉ3,000 rpmࠉ4Υ࡚ 3min
㐪ᚨࡊࠉ࣋ࣝࢴࢹ࡞ 125 ȣLࡡ solution Aࢅຊ࠻࡙ᐄῺ࡚ 10 minᨲ⨠ࡊࠉḗ࡞
100 ȣLࡡ solution Bࢅຊ࠻ࠉᐄῺ࡚ 10 minᨲ⨠ࡌࡾࠊ᭩ᚃ࡞ࠉ100 ȣLࡡ solution 
Cࢅຊ࠻࡙ࠉ㐵කࡊ10 minレ̶ࡊࡒࠊࡐࡊ࡙ࠉfiltrationᚃࠉFACScan (Becton Dicksonࠉ
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11.2 BrdU࡛ 7-AADࡡ஦㔔᯹Ⰵ࡞ࡻࡾ⣵⬂࿔᭿ฦᕱࡡゆᯊ 
11.2.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) BD pharmingenTMBrdU Flow Kits (BD Biosciences) 
(2) 1DPBS 
 0.2 gࡡ KClࠉ0.2 gࡡ KH2PO4ࠉ8.0 gࡡ NaClࠉ2.16 gࡡ Na2HPO4࣬7H2Oࢅ 1 
LࡡMilliQ࡞⁈ゆ (pH7.2ࠤ7.4)ࡊࠉ㧏ᅸⵠポ⁓Ⳟࡊࡒࠊ 
(3) Perm/Wash buffer 
10Perm/Wash bufferࢅ ster.MilliQ࡚ 10ಶᕵ㔐ࡊࡒࠊ 
(4) Staining buffer 
   1DPBS࡞᭩⤂⃨ᗐ 3 %࡞࡝ࡾࡻ࠹࡞ FCS࠽ࡻࡦ 0.1 % (W/v) sodium azide
ࢅຊ࠻ࡒࠊ 
11.2.2 ᐁ㥺᪁Ἢ 
 1.5106ࡡ⣵⬂ࢅ 10 ȣMࡡ BrdU࡚ 15 minࣚ࣊ࣜࡊࠉ1,000 rpmࠉ5 min࡚㐪ᚨ
ᅂ཭ࡊࡒࠊ1 mLࡡ Staining buffer ࡚ὑ࠷ࠉ100 ȣLࡡ Cytofix/Cytoperm buffer࡞
ᠩ⃦ࡊࠉ30 minレ୕࡚㟴⨠ࡊࡒࠊ1 mLࡡ Perm/Wash buffer࡚ὑ࠷ࠉ100 ȣLࡡ
Cytoperm plus buffer࡞ᠩ⃦ࡊࠉ10 minレ୕࡚㟴⨠ࡊࡒࠊ්ࡦ 1 mLࡡ Perm/Wash 
buffer࡚ὑ࠷ࠉ100 ȣLࡡ Cytofix/Cytoperm buffer࡞ᠩ⃦ࡊࠉ5 minレ୕࡚㟴⨠ࡊ
ࡒࠊ1  mLࡡ Perm/Wash buffer࡚ὑ࠷ࠉ100 ȣLࡡ DNase (0.3 mg/mL in DPBS) ࡞
ᠩ⃦ࡊࠉ37 Υ࡚ 1  hr࢕࣭ࣤ࢞ࣖ࣊ࢹࡊࡒࠊ1 mLࡡ Perm/Wash buffer࡚ὑ࠷ࠉ
50ȣLࡡ FITC-Ș-BrdU in Perm/Wash bufferࢅຊ࠻࡙ࠉ㐵කࡊ࡝࠿ࡼ 20 minᐄῺ
࡞ᨲ⨠ࡊࡒࠊ1 mLࡡ Perm/Wash buffer࡚ὑ࠷ࠉ20 ȣLࡡ 7-amino actionmycin D 
(7-AAD) ࡞ᠩ⃦ࡊࠉ1 mLࡡ Staining bufferࢅຊ࠻࡙ࢀ㐛ࡊࡒࡵࡡࢅ FACScan࡞
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࠾ࡄࡒࠊ 
 
11.3 PI࡛ Annexin Ϭࡡ஦㔔᯹Ⰵ࡞ࡻࡾิ᭿࢓࣎ࢹѸࢨࢪࡡ᳠ฝ 
11.3.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) VybrantTM Apoptosis Assay Kit #3 ; 5Annexin-Binding bufferࠉFITC annexin 
Ϭ ࠉ10 mg/ mL PI (Molecular Probes) 
(2) 1Annexin-Binding buffer 
    5Annexin-Binding bufferࢅ ster..milliQ࡚ᕵ㔐ࡊࡒࠊ 
(3) 100 ȣg/mL PI 
10 mg/ mL PIࢅ 1Annexin-Binding buffer࡚ᕵ㔐ࡊࡒࠊ 
11.3.2 ᐁ㥺᪁Ἢ 
 1106 ࡡ⣵⬂ࢅレ̶ࡊࡒ PBS ࡚ὑὯࡌࡾࠊ࣋ࣝࢴࢹ࡞ 100 ȣL ࡡ 1
Annexin-Binding bufferࢅຊ࠻ࠉ༎ฦ࡞ࣅ࣋ࢴࢷ࢔ࣤࢡࡌࡾࠊ5 ȣLࡡ FITC annexin 
Ϭ࡛ 1 ȣLࡡ PI (100 ȣg/mL ) ࢅຊ࠻ࠉᐄῺ࡚ 15 minᨲ⨠ࡊࠉレ୕࡞⛛ࡌࠊ᭞
࡞ 400 ȣL ࡡ 1Annexin-Binding buffer ࢅຊ࠻ࠉࢻ࢕࣒ࣞࣤࢴࢨࣖࢅ㏳ࡊ࡙
FACScan  (Becton DicksonࠉMountain viewࠉCA) ࡚ῼᏽࡊࠉCell Quest  (Beccton  
Dickinson) ࢮࣆࢹࢗ࢘࢓࡚ゆᯊࡊࡒࠊ 
 
➠ 12⟿ ᯹Ⰵమ␏ᖏࡡ᳠ฝ  
12.1 ╀┶᯹Ⰵฦమஹᥦ (sister chromatid exchange ; SCE) ࡡびᐳ 
12.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) ࢤࣜࢬ࣐ࢺ (ࢸ࣒ࢤࣜࢨࣤ⁈ᾦ) (WAKO)  
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(2)  75 mM KCl 
2.87 gࡡ KCl (WAKO) ࢅMilliQラ 500 mL࡞⁈ゆࡊࠉᐄῺ࡞ಕᏋࡊࡒࠊ 
(3) ࢜ࣝࢿ࢓ᅖᏽᾦ 
3㸯1ࡡ๪ྙ࡚ methanol (ࢻ࢜ࣚ࢕) ࡛㓉㓗 (ࢻ࢜ࣚ࢕) ࢅ౐⏕ࡌࡾ├๑࡞Ίྙ
ࡊࠉ⏕࠷ࡒࠊ 
(4) 1 mg/mL Hoechst 33258 
 5 mgࡡ Hoechst 33258 ࢅMilliQラ 5 mL࡞⁈ゆࡊࠉ4 Υ࡚㐵කࡊ࡙ಕᏋࡊࡒࠊ 
(5) 2MacILvaine buffer (2MB) 




 87.65 gࡡNaCl (ࢻ࢜ࣚ࢕) ࡛44.1 gࡡࢠ࢙ࣤ㓗୔ࢻࢹ࣑ࣛࢗ஦ラ࿰∸ (ࢻ࢜ࣚ
࢕) ࢅ㐲㔖ࡡ⬲࢕࢛ࣤラ࡞⁈ゆࡊࠉpH 7.0࡞࠵ࢂࡎࡒࠊ500 mL࡞࣒ࢪ࢓ࢴࣈࡊ
ࡒᚃࠉ㧏ᅸⵠポ⁓ⳞࢅࡊࠉᐄῺ࡚ಕᏋࡊࡒ 
(7) 10Phosphate buffer (10PB) 
 11.34 gࡡ KH2PO 4 (ࢻ࢜ࣚ࢕) ࡛ 56.69 gࡡ Na2HPO4࣬12H2O (ࢻ࢜ࣚ࢕)ࢅ㐲㔖
ࡡ⬲ ࢕࢛ࣤラ࡞⁈ゆࡊࠉpHࢅ 6.8࡞࠵ࢂࡎࡒࠊ500 mL࡞࣒ࢪ࢓ࢴࣈࡊࡒᚃࠉ
㧏ᅸⵠポ⁓ⳞࢅࡊࠉᐄῺ࡚ಕᏋࡊࡒࠊ 
(8) 3 %࣑࢟ࢧ⁈ᾦ 
 Giemsavs solution (MERCK) ⅴᾦࢅ 1PB࡞ᕵ㔐ࡊ࡙⏕࠷ࡒࠊ 
(9) ࢜ࢻࢱࣁࣜࢦ࣑ (WAKO) 
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12.1.2 ᐁ㥺᪁Ἢ 
 5105⣵⬂ࢅ10 ȣM BrdUࢅྱࡳ5 mLࡡRPMIᇰᆀ࡚2⣵⬂࿔᭿ (16.5 hr) ᇰ
㣬ࡊࠉࢤࣜࢬ࣐ࢺࢅ 50 ȣLຊ࠻ࠉ᭞࡞ 2 .5 hrᇰ㣬ࡊࡒࠊࡐࡡᚃࠉ⣵⬂ࢅ㐪ᚨࡊࠉ
࣋ࣝࢴࢹ࡞ 75 mM KClࢅ 10 mLຊ࠻࡙ࡻࡂᠩ⃦ࡊࡈࡎ 12 minᐄῺ࡚㟴⨠ࡊࡒࠊ
࢜ࣝࢿ࢓ᅖᏽᾦࢅ 2 mLຊ࠻࡙ࡻࡂΊྙࡈࡎࠉ1,000 rpm࡚ 5 min㐪ᚨࡊࠉ࣋ࣝࢴ




࢝ࣚࢪࢅ 1PB࡚ᕵ㔐ࡊࡒ 10 ȣg/mL Hoechst 33258࡚㐵කࡊ࡝࠿ࡼ 20 min᯹
Ⰵࡊࠉ1MB࡚ࡻࡂࡌࡌ࠷ࡓࠊஜ⇩ࢅ㜭ࡃࡒࡴࠉᩐ㊓ 1MBࢅ㊓ୖᚃࠉ࢜ࣁ࣭
࢝ࣚࢪࢅ࠾ࡩࡎࠉ1 cmࡡ㊝㞫࠾ࡼࣇࣚࢴࢠࣚ࢕ࢹ (352 nmࡡ⣰አ⥲) ࢅ 20 min
↯ᑏࡊࡒࠊḗ࡞ࠉ࢜ࣁ࣭࢝ࣚࢪࢅአࡊࠉ්ࡦ 1PB࡚ࡻࡂࡌࡌࡁࠉ3偃࣑࢟ࢧ⁈




➠ 13⟿ ࢗ࢘ࢪࢰࣤࣇࣞࢴࢷ࢔ࣤࢡ  
13.1 SDS-PAGE 
13.1.1 ᮞᩩ࠽ࡻࡦムⷾ 
(1) 1Running buffer 
3.01 g ࡡ Trisࠉ1 gࡡ SDSࠉ14.4 gࡡ glycineࢅ⬲࢕࢛ࣤラ࡞⁈ゆࡊࠉධ㔖ࢅ 1 
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L࡛ࡊࡒࠊ 
(2) 5Sample buffer 
0.25 M Tris-HCl (pH6.8) ࠉ50 %glycineࠉ10 %SDSࠉ0.5 %bromophenol blueࠉ0.5 
M DTT 
(3) Precision  proeinTM Standards Prestained Broad Range (࣏࣭࣭࢜) (BIORAD) 
(4)  ὃິ⏕ࢣࣜ 
 Running gel (12 %)      Stacking gel  
29.2%acrylamide-0.8 %bisacrylamide              4 mL            0.65 mL 
1.5 M  Tris-HCl (pH8.8)              2 .5 mL                  - 
0.5 M  Tris-HCl (pH6.8)               -             1.3 mL 
10 % SDS             0.1 mL            0.05 mL 
10 % APS             0.1 mL            0.05 mL 
MilliQ             1.3 mL               3 mL 
TEMED             10 ȣL             10 ȣL 
13.1.2 SDS-PAGEࡡషᠺ 
 Running gelࠉStacking gelࡢභ࡞ TEMED࠽ࡻࡦ APS௧አࡡムⷾࢅධ࡙Ίྙࡊ
ࡒᚃࠉRunning gel࡞ APSࠉTEMEDࢅຊ࠻├࡞ࢣࣜᯀ࡞Ὦࡊ㎰ࢆࡓࠊMilliQࢅ୕
࠾ࡼᑛ㔖ຊ࠻ࢣࣜ㟻ࢅᖲࡼ࡞ࡊࡒࠊRunning gelࡡᅖ໩ᚃࠉMilliQࢅྺ࠷ཱིࡽࠉ
⬲࢕࢛ࣤラ࡚ὑὯᚃࠉStacking gel ࡞ APSࠉTEMED ࢅຊ࠻ࡐࡡ୕࡞㔔ᒒࡊࠉࢤ
࣭࣑ࢅ᣼ථࡊ࡙ᅖ໩ࡈࡎࡒࠊ 
13.1.3 ࢦࣤࣈࣜㄢ⿿ 
 ᵕࠍ࡝᮪௲࡚ୌᏽ᫤㛣ᇰ㣬ᚃࠉ5ࠤ10105 ⣵⬂ࢅ࣋ࣝࢴࢹ࡞ࡊࠉ20ȣL ࡡ 1
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sample bufferࢅຊ࠻ࡻࡂ vortexࡊࠉ95 Υࠉ10 minຊ⇍ࡊࢦࣤࣈ࡛ࣜࡊ࡙⏕࠷
ࡒࠊ 
13.1.4 ὃິ 
 షᠺࡊࡒࢣࣜᯀ࡞ࢦࣤࣈࣜࢅ 10ȣLࠉ࣏࣭࣭࢜ࢅ 10ȣL࢓ࣈࣚ࢕ࡊࠉࢣࣜᯀ 1




(1) Hybond P⭯ (Amershamacia) 
(2) Blotting buffer 
80 % 1Running bufferࠉ20 % MeOH 
(3) Blocking buffer 
 1.5 gࡡ BSAࠉ࠵ࡾ࠷ࡢ skim milkࢅ 30 mLࡡ 0.05 % tween-PBS࡞⁈ゆࡊࠉ150
ȣLࡡ 20 % NaN3ࢅຊ࠻࡙౐⏕ࡊࡒࠊ 
(4) ୌḗᢘమᕵ㔐ᾦ 
0. 05% tween-PBSࠉ偏偃BSAࠉ0.1%NaN3 
(5) ஦ḗᢘమཬᚺᾦ 




Hybond P⭯࡞30 Vࡡᏽ㞹ᅸ࡚4 hr࠾ࡼୌᬄࢹࣚࣤࢪࣆ࢒࣭ࡊࡒࠊ⩛᪝ࠉmembrane
                                 69                                   
ࢅ Blocking buffer࡞ᾈࡊᐄῺ࡚ 60 min㟀┖ࡊࡒࠊTween-PBS࡚ὑὯࡊ 5 min㟀
┖ࡈࡎࡾࡆ࡛ࢅ 3 ᅂ⧖ࡽ㏁ࡊࡒᚃࠉୌḗᢘమࢅཬᚺࡈࡎࡒࠊ⇆ᵕ࡞ Tween-PBS
࡚ᩐᅂὑὯࠉ㟀┖ࢅ⧖ࡽ㏁ࡊࠉPBS࡚ὑὯᚃࠉ஦ḗᢘమࢅᐄῺ࡚ 60 minཬᚺࡈ
ࡎࡒࠊ්ᗐ Tween-PBS ࡚ 3 ᅂὑὯࠉ㟀┖ࢅ⧖ࡽ㏁ࡊࠉPBS ࡚ 3 ᅂὑὯࠉ5 min
㟀┖ࡈࡎࡒࠊⓆⰅ࡞ࡢ ECLTMKitࢅ⏕࠷࡙ࣆ࢔࣑ࣜ࡞᳠ฝࡊࡒࠊ 
13.2.3 ᳠ฝ࡞⏕࠷ࡒᢘమ 
primary Ab  
 isotype dilution reaction 
Șlamin B1 mouse IgG1ȡ 1000 r.t. for 1 hr 
Ș phosphorylated 
 Chk1 (Ser345) 
rabbt IgG 1000 4Υ for O/N 
Ș LC-3 rabbt IgG 2000 r.t. for 1 hr 
Ș HA rat IgG 3000 r.t. for 1 hr 
ȘȘ-tubulin mouse IgG1 10000 r.t. for 1 hr 
Ș ș-actin mouse IgG 1000 r.t. for 1 hr 
 
Secondary Ab 
 dilution reaction 
HRP conjugated Ș 
mouse IgG  
2000 r.t. for 1 hr 
HRP conjugated Ș 
rabbit IgG  
3000 r.t. for 1 hr 
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ޥ辞 
ᮇ◂✪࡞࠵ࡒࡽࠉᚒᣞᑙᚒ㠬᧙ࢅ㈯ࡽࡱࡊࡒ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁㐿ఎᏄⷾ Ꮥฦ㔕ᩅ᤭ ᴦ
ᮇに⨶ ඙⏍࡞ㅵࢆ࡚ ᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ 
  
ᮇㄵᩝ ࢅࡱ࡛ ࡴࡾ࡞࠵ࡒࡽ᭯ࠉ─࡝ࡾᚒຐゕࢅ㡤ࡀࡱࡊࡒ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁⏍మ㜭ᚒⷾ
Ꮥฦ㔕෶ᩅ᤭ ஁ୖ ࿔ఫ ඙⏍࡞῕ࡂវㅨ⮬ࡊࡱࡌࠊ 
 
ᮇ◂✪ࢅ㐅ࡴࡾ࡞࠵ࡒࡽࠉ⤂╂᭯ ─࡝ᚒᣞᑙᚒຐゕࢅ㡤ࡀࡱࡊࡒ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁㐿ఎ
Ꮔⷾ Ꮥฦ㔕෶ᩅ᤭ 㛭ᨳᖶ ඙⏍࡞῕ࡂᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ 
 
ᮇ◂✪ࢅ㐅ࡴࡾ࡞࠵ࡒࡽࠉኣኬ࡝ࡾᚒຐゕᚒᣞᑙࢅ㡤ࡀࡱࡊࡒ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁㐿ఎᏄ
Ꮥⷾฦ㔕ຐᡥ ᮟྚ᪺ ඙⏍࡞῕ࡂᚨࡻࡽវㅨ⮬ࡊࡱࡌࠊ 
 
ᮇ◂✪ࢅ㐅ࡴࡾ࡞࠵ࡒࡽࠉ├᥃ᚒᣞᑙ࠷ࡒࡓࡀࡱࡊࡒࠉ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁㐿ఎᏄⷾ Ꮥฦ
㔕COEᢇ⾙⿭ఫဤ ஬୕⤦㔓ᵕ ࡞ᚨࡻࡽᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ 
 
ᮇ◂✪ࢅ㐅ࡴࡾ࡞࠵ࡒࡽࠉᚒᣞᑙᚒຐゕࢅ㡤ࡀࡱࡊࡒ᮶ℓኬᏕኬᏕ㝌ⷾ Ꮥ◂✪⛁㐿ఎᏄⷾ Ꮥฦ㔕
ຐᩅ ኣ⏛࿔ྎ  ඙⏍࡞῕ࡂᚒ♡⏞ࡊ୕ࡅࡱࡌࠊ 
᭩ᚃ࡞࡝ࡽࡱࡊࡒ࠿ࠉ◂✪⏍Ὡࢅ㏞ࡾ࡞࠵ࡒࡽࠉᖏ࡞ᨥ࡙࠻ 㡤ࡀࡱࡊࡒ⣵⬂ࢲ࣭ ࣑ࡡⓑᵕ ࠉ⇆᭿
ࡡ᪁ࠍࢅ╂ࡴ࡛ ࡌࡾ㐿ఎᏄⷾ Ꮥฦ㔕ࡡ᪁ࠍ࡞ᚨࡻࡽᚒ♡⏞ࡊ୕ࡅࡾ࡛ ࡵ࡛࡞ࠉ௑ᚃࡡᚒὩ㌅ࢅ࠽
♫ࡽࡊࡱࡌࠊ                                                                      㧏⏛ 㞑ஒ 
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